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FOREWORD

This research, completed by the Fort Knox Field Unit of the U.S.
Army Research Institute for the Behavioral and Social Sciences (ARI), is
part of an overall effort under Work Unit SIMTEST to develop a methodol-
ogy for deriving valid simulated performance tests and a set of guide-
lines that Army item writers and test developers can use in preparing
skill qualification tests (SQTs). This report describes efforts to de-
velop an audiovisual simulated performance test using 3}5mm slides as the
stimulus presention mode.

The impetus for the project was Human Research Need (HRN) 76-181
submitted by the Training Management Institute (TMI) of TRADOC. The
project is part of Military Personnel Performance Development and As-
sessment (project 2Q763731A770, Program Element 637 31A, Task A). The
RE&D coordinator was MAJ Douglas W. Smith.

The Army Research Institute expresses appreciation to MAJ James S.
Cary and SSG Herman E. Hill, lst Training Brigade, Fort Knox, Ky., for
their support and cooperation throughout the project.
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JOSEPH ZEIDNER
echnical Director
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SUMMARY

Military Problem

'&Through the creation of the Enlisted Personnel Management System
(EPMS) the U.S. Armmy is currently replacing Military Occupational Spe-
cialty (MOS) tests with Skill Qualification Tests (SQTs). These tests
will be used to validate the competence of enlisted personnel at five
levels of skill within their MOS and will be made up of (a) a written
component to verify a soldier's knowledge of the job, (b) a hands-on
component that evaluates how well the soldier can perform the job, and
(c) a performance certification component that allows the supervisor to
declare how well the soldier can perform tasks not covered in the other
two components.

In developing SQTs for each MOS area, the Individual Training Eval-
uvation Directorate (ITED) responsible for the SQT system has encountered
problems of high cost, difficulty in maintaining test standardization,
and the fact that many critical job tasks cannot be simply translated
into job performance tests. Some tasks specify terrain, equipment, or
material requirements that are unavailable, and other tasks require con-
ditions so hazardous as to preclude such testing altogether. Also, Test
Development Agencies (TDA) often lack experienced and technically quali-

fied test developers.1‘kﬁhl
Objective

This research examined the feasibility of using audiovisual simu-
lated performance tests as an alternative to hands-on performance test-
ing. Knowledge from this effort would contribute to the data base for
(a) developing the methodology for development of valid simulated per-
formance tests, and (b) evolving .a set of guidelines that can be used hy
Army item writers and test developers responsible for SQT develoument.

Approach

First, an audiovisual simulated performance test was developed for
the tasks of removal, disassembly, assembly, and installation of the
10Smm Main Gun (M68) breechblock mechanism. Second, a performance check-
list was developed for each task to collect hands-on criterion data.
Third, an interrater reliability study was conducted using the perform-
ance test criterion. Fourth, a comparison study was conducted between
the simulated and actual performance tests. Fifth, based on the resaults
of the comparison study, a methodology for development ur audiovisual
simulated performance tests was formulated. Sixth, based on the method-
ology, a shortened form of the breechblock tests was prepared and com-
pared with hands-on performance. Seventh, a second audiovisual simu-
lated performance test on the coaxial machine gun (M73/219) was subsc-
quently developed by the methodology and also compared with hands-on




test performance. The latter two tasks were directed toward evaluation
of aspects of the test development methodelogy.

Materials

The breechblock audiovisual simulated tests were based on a de-
tailed analysis of behavinral elements required in each performance
step. Test questions were related to the part, action, tool, location,
and reault of each step and were sequenced to maintain a sense of per-
formance continuity in the simulated test. Response alternatives for
each three-choice item were represented by black and white photoqgraphs
reproduced on 35mm slides. Questions on audio tape synchronized with
the slide presentation.

Short-form test versions omitted many of the items, retaining those
fidentifiod as "critical"™ for successful task performance and intervening
items required to maintain task continuity. "Critical" items were those
that could involve (1) injury to personnel, (2) damage to equipment, and
(3) direct impact on ultimate completion of the task.

Checklists for hands-on performance tests included the behavioral
elements used as a basis for the audiovisual simulated tests. The check-
list format highlighted elements corresponding to simulated test items,

Results

Critical Items., Acceptable interrater reliability was obtained
with the hands-on checklist only when performance was scored as number
of errors on critical items. Performance on both hands-on and audio-
visual simulated tests was meatured by critical item errors throughout
the subsequent research. Zero critical errors was categorized as a
passing score for both types of test.

Validity of Audiovisual Simulated lests. The relationship between
audiovisual simulated and hands-on tast performance was high in most
cases and was significant when three categories of audiovisual test per-
formance (Pasa-Borderline-Fail) were compared to pass-fail performance
on the hands-on test. The only exceptions occurred when very few hands-
on test failures were obtained, so that the variation in performance was
artificially restricted.

Screening by Audiovisual Simulated Tests. The nature of the rela-
tionships found between audiovisual simulated and handas-on test perform-
ance indicated that the simulated test could be used to screen groups of
examineces to identify gqualified personnel. Examinees making ao critical
errors on the simulated test (Pass group) had a high probability of pass-
ing the hands-on test. Chances of passing the hands-on test declined as
the number of critical errors on the simulated test increased in the
Borderline and Fail groups. In general, the audiovisual simulated tests
were more difficult than the corresponding hands-on test.
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Using audiovisual simulated tests, a decision to pass an examinee

was found to have no more risk of error than would result from use of a
hands-on test. The Borderline dnd Fail groups on the audiovisual simu-
lated tests were found to contain many false negatives, i.e., examinees
that pass the subsequent hands-on test. Despite this fact, however,
evidence was obtained that a prior audiovisual simulated test predicted
subsequent hands-on performance at least as well as a prior hands-on
test.

Transfer Effects. Audiovisual-simulated testing did not produce
any measurable positive transfer to subsequent hands-on performance.
Therefore, transfer effects could not account for the difference in
difficulty between the two forms of testing. Transfer from hands-on to
audiovisual-simulated test performance was obtained for one task.

Greater learning would be expected in hands-on testing rosulting
from sources of intrinsic feedback. Such sources are much more limited
in the audiovisual simulated test, and little learning can be generally
expected with such tests. 1In cases where it is desirable to avoid learn-
ing effects, such as repeated assessment of individual task readiness
levels in units, or repeated testing to determine the time-trend of re-
tention loss, audiovisual simulated testing may offer significant advan-
tages. However, because of the difference in difficulty between simu-
lated and hands-on tests, the audiovisual test will tend to underestimate
actual level of hands-on performance capability.

Conclusions

1. The development of reliable and valid hands-on and simulated
methods for performance testing should be based on detailed behavioral
analysis and identification of performance elements critical to task
performance.

2. Validated audiovisual simulation tests may be used to supple-
ment or replace hands-on testing for low-skill procedural tasks in in-
stitutional and unit training settings:

3. Comparison of performance on audiovisual simulated tests and
hands-on tests may be used to identify particular elements of skill in
procedural tasks. Partial hands-on tests of skill elements may then be
combined with an audiovisual simulated test of nonskill elements to form
a synthetic test for the task.

4. Lack of transfer from audiovisual simulated test performance to
hands-on performance suggests that the simulated tests may be useful in
repeated assessment of unit readiness levels and time-trends of reten-
tion loss for individual Soldier's Manual tasks.
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THE DEVELOPMENT AND VALIDATION OF AUDIOVISUAL SIMULATED
PERFORMANCE TESTS USING 35'M SLIDES
INTRODUCTICN
Background

Military Problem. The Enlisted Personnel Management System (EPMS)
has been designed to meet Army requirements for manpower and the needs
of individual soldiers for career progression. Apart from the career
progression portion of the EPMS, a comprehensive testing program is in-
cluded to validate the competence of enlisted men at five levels of
skill. The testing program requires the replacement ot paper-and-pencil
MOS tests by Skills Qualification Tests (SQTs) that emphasize hands-on
performance testing. The impetus for this change can be attributed to
the Brown Board Study (1966), which found the Army's Enlisted Evaluation
System to be inadequate to assess MOS job skills, and the establishment
in 1971 of the Combat Arms Training Board (CATB) by the Board for Dy-

namic Training (the Gorman Board). These boards concluded that (a) It

paper-and-pencil tests of hands-on skills are low in validity, and (b)
verbal tests are unfair for certain enlisted personnel who are highly
skilled in their respective jobs but low in verbal ability.

Under the new MOS evaluation program, SQTs are being developed that
are not only performance-based but also critericn-referenced. The SQTs
are performance-based in that soldiers will be required to demonstrate
that they can in fact perform each key task of the job, and criterion-
referenced in that successful performance is based on established task
standards, not on comparison with other soldiers tested. In addition to
these requirements, SQTsS are to bhe group administrable; measure the pro-
fessional competence of the soldier; serve the needs of personnel manage-
ment; be perceived by the soldier as fair, equitable, and relevant; and
be inexpensive to develop and administer. Based on their SQT results,
soldiers will be verified at their present MOS skill level (Verification
Score), qualified for award of the next skill level (Qualification Score),
or required to retake the SQT the following year. Failure to pass the SQT
the second time, however, may result in a reduction in rank, an MOS re-
classification, or the establishment of bars to reenlistment.

Research Problem. To aid in the transition to the SQT program,
numerous studies of performance testing have been conducted. These ef-
forts have included studies on task analyses, the development of perform-
ance measures, the development of performance tests, and the development
of criterion-referenced tests. Despite these efforts, critical problems
have surfaced. For example, Engel (1970a and b) and Engel and Rehder
(1970) reviewed arguments against the use of performance tests for part
or all of the MOS battery. They felt the exclusive use of performance
tests would be too costly and impractical in many MOS. Occhialini (1972)
also noted that performance tests are extremely difficult to prepare and
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administer and are of questionable validity in a variety o! situations.

The Individual Training Evaluation Directorate (ITED) responsible for

umplementing and administering the SQT system has encountered more basic

problems (Osborn et al., 197?). In addition to the high cost and diff. -

culty in maintaining standardization, many job tasks cannot be simply

translated into hands-on performance tests, Some tasks specify terrain,
equipment, or materiel requirements that are unavailable, and other

tasks require conditions of performance that are so hazardous as to pre-

clude such testing altogether. Other tasks contain such lengthy or 2
transient task behaviors that adequate measurement is extremely diffi-
cult, if not impossible. Moreover, Test Development Agencies (TDA) re-
sponsible for developing the SQTs are made up of personnel who often lack
the experience or qualifications needed to prepare high-gquality SQOTs.

Relevant Research. For the past 10 years, research scientists in

the Advanced Systems Division at Wright-Patterson Air Force Base, Ohio,
have also been investigating the use of formal measuring devices to as-
certain the job proficiency of military personnel. Results based on an
analysis of maintenance performance evaluation (Foley, 1974) confirm the
findings reported by the Army's Brown Board; that is, there is little >

A

relationship between success on paper-and-pencil and theory tests and
ability to perform maintenance tasks on the job. Moreover, most train-
ing programs contain subject matter unrelated to the ability of the in-
dividual to perform critical job tasks. Consequently, increased efforts
were directed at replacing paper-and-pencil tests with criterion-
referenced job performance tests and elimination of irrelevant course
content. The Air Force, like the Army, has experienced critical prob-
lems in shifting to performance-based training and testing (Foley,
1974) . Equipment, time, and personnel costs, both in training and
testing, are extremely expensive.

Proposed Solutions. Reactions to the interservice problems of
paper-and-pencil tests versus job performance tests have resulted in
several research efforts. For example, Glaser and Klaus (1962) have
suggested that proficiency measurement techniques may be loosely cate-
gorized on the basis of their remoteness from actual job performance.
This remoteness may be due to differences in the (a) eliciting stimuli,
(b) the behavior elicited. or (c) both stimuli and behavior. Thus,
paper-and-pencil tests and actual job performance represent extremes on
the remoteness continuum. Between these extremes are test situations
that call for actual job performance outside the real environment or
that attempt to simulate the job task while offering affective control
of the factors that in "real" situations are likely to interfere with
reliable and valid measurements.

As one solution, Engel and Rehder (1970) have advocated a mixture-
of-measurement technique to include combining work samples, simulated
tests, peer ratings, and paper-and-pencil tests. Their evidence shows
that (a) paper-and-pencil tests can be used to measure cognitive items,
(b) work samples or simulated tests can be used to measure manipulative




items, and (c) peer ratings can be used to measure social, leadership,
and overall ability.

Similarly, Osborn (1970) has suggested the development of synthetic
tests, i.e., tests conceived of as job performance tests that have been
degraded to some degree in the range of task elements covered or in the
fidelity of stimulus/response features. The continuum is bounded by
paper-and-pencil tests at one extreme and by job-sample skill tests at
the other. Within this continuum, a broad range of possible testing ap-
proaches can be constructed. Recently, Osborn and Ford (1976) explored
knowledge testing of low-skilled psychomotor tasks and synthetic tests
of skilled psychomotor tasks with Army personnel. For psychomotor tasks,
the data strongly supported the hypothesis that performance on low-skill
procedural tasks is mediated by knowledge. The knowledge mediating per-
formance, however, is not the kind usually tested in paper-and-pencil
tests, but is knowledge pertaining directly to performance of the task.
They also showed that the Picture Choice method of testing such knowl-
edge demonstrated a high correlation with hands-on task performance that
was relatively constant over a range of mental ability; this mcthod is
preferred by the soldiers over other methods of pictorial testing. For
skilled psychomotor tasks, the studies indicated that valid test results
could be obtained despite a substantial reduction in external feedback
fidelity.

To develop empirically valid symbolic test substitutes for military
maintenance tasks, several alternative methods have also been examined
by Shriver and Foley (1974a) at various levels of sophistication. For
example, the Multiple Alternative Symbolic Troubleshooting Test (MAST)
(Grings, Rigney, Bond, & Summers, 1953} and the Tab Test (Crowder,
Morrison, & Demaree, 1954) were studied and found to be likely candi-
dates for performance test substitution if increased realism could be
provided. At their present stage of development, however, such tests
were not recommended by the authors as substitutes for hands-on testing.
With these experiences, follow-on efforts were initiated to develop and
validate both graphic (Shriver & Foley, 1974b) and video (Shriver,
Hayes, & Hufhand, 1974) symbolic substitutes for which a job task per-
formance test had been developed. Based on the results of these ef-
forts, it was concluded by the authors that (a) video should not be
further considered as a testing medium for performance analogues and
(b) that future efforts be directed toward developing and refining
graphic symbolic substitute tests,

In agreement with the results of Osborn and Ford (1976), Shriver
and Foley (1974b) found that graphic tests were most valid for low-skill
fixed-procedure tasks, while lack of dynamic feedback in the graphic
symbolic displays created problems in branching procedure tasks, such as
electronics alignment and troubleshooting. Graphic substitutes appeared
to have no validity for high-skill tasks such as soldering.

Conclusions from Previous Research. In assessing the current state-
of-the~art in testing, it appears that actual performance testing may be
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drastically limited in scope during the early stages of SQT development.
Limited resources to administer performance tests, plus the requirement
tor reasonable standardization of Army-wide administration, restricts
the amouni of performance testing. To mect the demands imposed by EPMY
for carver progression based on demonstrated ability to perform individ-
ual job requirements, a need exists for an alternative evaluation system
that would require fewer resources yet remain faithful to the concept of
performance-based evaluation.

Simulated performance tests, conceived of as job performance tests
that have been degraded to aome optimal leve! of tesat efficiency, show
promiso as an alternative. These tests require fewer personnel and loss
equipment to administer, use a relatively smaller amount of testing time,
an? permit comprehensive performance evaluation (not just the job sam-
plirg of critical tasks or key elemants) as the basis for promotions,
rewards, or failures,

Regesrch Obtertive

To further develop and empirically verify simulated performance
testing as an alternative to hands-on (HO) performance testing, research
was devised to (1) develop the methodology needed for the derivation of
valid simulated performance tusts, and (2) provide a set of guidelines
for Army item writers and SQT developers., The objective was to devalop
an audiovisual simulated (AVS) performance test (35mm slides and auwdio-
tape) and then validate its utility as an alternative or symbolic sub-
stitute for actual HO performance testing.

Research Approach

Research was conducted in three consecutive phases: (I) Develop-
ment of an AVS Performance Test, (II) Evaluation of an AVE Performance
Test, and (I11) Development and Evaluation of Short Form AVS Performance

Tosts,

The specific approach for each phase of the research is dascribed
below,

I. DEVELOPMENT OF AN AUDIOVISUAL SIMULATED PERFORMANCE TEST

Approach

A two-step approach was taken to develop a simulated performance
test, The first step was to identify the end-of-cycle (EOC) performance
requirements for an armor crewman (11E) trainee completing One Station
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Unit Training (OSUT).1 This was accomplished by examining the prcgram
of instruction (POIl) for 1llE OSUT training together with HO performance
in the EOC test currently being used by test evaluation personnel.

Based on dccumented training objectives and EOC test conditions and
standards, each task in the EOC test was analyzed t> determine the be-
havioral steps and elements required for successful performance. Simu-
lated performance test equivalents for each EOC performance requirement
were then developed by (a) identifying the critical behaviors in cach

. requirement, (b) developing pictorial multiple-choice test items for the
behaviors, and (c) putting these test items on 35mm slides to form a
"test battery” that would parallel the EOC test for 11E OSUT trainees.
Test questions were tape-recorded.

The approach reflected the prior research firdings on simulated per-
formance testing and emphasized representation of the actual situations
that confront a performer during the task. Four basic principles were
followed. First, the simulation test was designed to assess the media-
ting knowledge directly related to the specific steps and elements of
the task performance, rather than the factual knowledge determined by
paper-and-pencil tests. Second, the performance analogues used to pro-
vide the stimulus material for the simulation test were designed to pre-
sent the behavior from the perspective of how the trainee would perform
the task, and not from the perspective of a "second person" performing
the task. Third, questions used to provide the response stimulus were
designed to require trainees to respond in terms of what they would do,
rather than what they think the person in the picture should do to per-
form the task. Fourth, the questions were designed to closely parallel
the temporal flow of events in task performance, maintaining a subjec-
tive sense of continuity in the simulated test,

Procedure

Development of AVS Test. The majority of tasks in the EOC test
were determined to be low-skill, fixed-procedure tasks. The EOC tasks
identified for the l1E OSUT trainee were analyzed in terms of the se-
quence of subtasks and behavioral steps required to perform a task. The
requirements of each step were then analyzed in terms of the specific
action (A) being performed on a specific part (P), in a specific loca-
tion (L), with a specific tool (T), and a specific result (R). This
categorization represents a simple conceptualization of the elements of
knowledge about task performance that are acquired and stored in memory
£ as a direct result of HO practice with machine-dependent, fixed-procedure

tasks. Each of these elements of subtask performance (P, T, L, A, R)

were then photographed in black and white with two similar elements for
use as individual test item distractors. Together, these three alterna-
tive multiple-choice test alternatives were pasted up on blue background

1llE OSUT training combines Basic Combat Training (BCT) and Advanced
Individual Training (AIT) into one 13-week program.
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material, photographed using 3%mm color film, and packaged in 2" x 4"
plastic slides. An audio script was prepared to complete the simulated
performance test.

Atter all slide test materials were developed for the EOC tasrks,
one EOC station was selected for evaluation of the simulated perform-
ance test methodology. The BOC tasks selected involved removal, dis-
assembly, assembly, and installation of the 105mm (M68) Main Gun Breech-
block mechanism. These tasks were selected because of the total amount
of time, porsonnel, and equipment required during the EOC to test indi-
vidual trainees. Currently, about 1% minutes are nceded to HO test one
man in one tank by one test evaluator. To complete the testing of 200
men in the time allotted for 20C, five tanks and five evaluators are re-
quired for 12 hours, allowing for retests and occasional slack time be-
tween trainees. Since EOC testing for an OSUT company is conducted
nearly every week, approximately one cadre man-~year is expended par yoar
to test these tasks. Even given this expenditure, each man is tested
only on two of the four tasks, either removal and disassembly, or assembly
and installation., The additional resources required to test all four
tasks were considered to be prohibitive.

Content Validation., Having selected the task, several subject mat-
ter experts (SMEs) were obtained for content-validation of the test ma-
terials. The SMEs were OSUT cadre assigned to test and evaluation
duties. Each SME checked (a) the performance descriptions to be certain |
that they were properly derived from the analysis of what the trainec
must know and be able to do to parform the task, (b) the part-location-
tool-action-result elements to be certain that they were correctly iden-
tiflted for each step in the procedure, (c) the test questions for face
and content validity, and (d) the verbal content of individual test
questions to insure they would not be migsinterpreted by the traineces.
Ay differences of opinion noted during the content validation were ro-
solved by reference to the appropriate technical manual for the tasks
(TM 9-2350-215-10). Changes resulting from this effort were made as
required.,

Critical Errors. Along with the content validation of the simula-
tion test materials, the SMEs were asked to identify the behaviors that
they thought were most critical to successful performance of the task.

A task behavior was considered critical if injury to personnel or damaqge
to equipment resulted. Other critical behaviors included errors leading
to potential malfunctioning of equipment, as well as behaviors consid-

ered most difficult to perform as evident by high error rates. .

Pilot Testing. With a draft version of the simulated performance
test materials for the breechblock task completed, a pilot testing of
the simulation test was conducted. Five OSUT trainees who successfully
completed the EOC test requirements for the breechblock were obtained
trom their company for a 2-hour period. During this time they were in-
dividually tested on all four tasks. Problems observed or reported by
the trainees during these testing sessions were subsequently reviewed
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with the SMEs. Any additional changes or revisions to the test materials
were then made to match the simulation test items with the actual per-
formance requirements.

A second pilot test of the materials was subsequently conducted us-
ing the revised test version. Seven trainees who completed the 11E OSUT
EOC performance test on assembly and installation of the breechblock
mechanisms were retested 4 days later using the simulated performance
test. A similar effort was conducted with seven trainees previously
tested during their EOC on breechblock removal and disassembly. Based
on the results of these tests, the simulated performance test items were
revised and the test was finalized. The test questions for each of the i
four tasks were then recorded on 60-minute audio-tape cassettes and syn-
chronized with the corresponding test slides by means of a TELEX Cas-
sette Slide Sync Recorder/Player. A set of trainee test directions was
similarly recorded to include a practice test on the coaxial machine gun
(M73/219). The purpose of the practice test was to familiarize the
trainees with the testing procedures and the type of slide-tape test be-
ing administered. The response instrument selected for the test was a
Monroe 326 Scientist calculator, modified to permit a trainee to enter i
an A, B, C, or D response by (a) pressing the numbers 1, 2, 3, and 4, ]
respectively; and (b) pressing the start/stop button to record this an-
swer on tape. Labels were fixed to the 1, 2, 3, and 4 calculator keys;
unused keys were blocked by a cover constructed for that purpose.

Materials Developed

Test directions for the AVS performance test for removal, disassem-
bly, assembly, and installation of the 105mm Main Gun (M68) breechblock
mechanism is presented in Appendix A. A paper-and-pencil copy of the
test is also shown in Appendix A. This test consists of 205 slides and
takes approximately 1 hour to administer, with about 10 minutes allowed
for giving the test directions, the practice test, and answering trainee
questions. A breakdown of the number of test items per task and the
number of test items identified as critical for successful task perform-
ance is shown in Table 1.

Table 1

Number of Critical and Continuity Test Items per Task
for 105mm Main Gun (M68) Breechblock Test

Test items

Breechblock tasks Critical Continuity Total
Removal # 65 72
Disassembly 3 28 31
Assembly 5 25 30
Installation 5 a7 72
Total 20 185 209
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II1: FEVALUATION OF THE AVS PERFORMANCE TEST

A. DEVELOPMENT OF HO PERFORMANCE TEST CRITERION

Approach

In an earlier research effort by Cockrell (1978) in which television
was used as the stimulus input to simulated performance testing, the cri-
terion tests administered by test and evaluation personnel during the EOC
period failed to provide the needed comparison measures against which to
validate the simulated performance test. The "NO~-GO" rates were simply
too low to permit any relationship to be obtained. Several reasons were
offered as possible explanations. Low "NO-GO" rates are consistently re-
ported for most EOC tests. For example, a recent sample of 150 11E OSUT
trainees failed only 3.9% of 52 EOC performance measures (ARTS, 1978).

Low failure rates may result from highly effective training, un-
doubtedly the case for certain tasks. However, direct observation of the
EOC testing suggests that the reported performances overestimate the com-
petence of the 11E trainee population for certain other tasks. The mili-
tary test personnel responsible for EOC testing often appear to lack the
training, testing instruments, and/or objectivity needed to collect re-
liable hands-on performance measures. It was evident that the standacrds
for the breechblock tasks were generally ignored or liberally interpreted
by the evaluators., It was alsc observed that many of the teudt personnel
conducting the evaluation were the same personnel directly responsible
for the specific training that was being evaluated. Although these test
conditions might be acceptable during task training, they are clearly
inapprcpriate for evaluation purposes. To improve the reliability and
validity of the HO criterion data collected during this research effort
it was decided to (1) develop a HO checklist for performance measurement
and (2) use experienced independent evaluators in collecting the data.

Procedure

The initial attempt to develop a HO performance checklist was to
list each step required to perform each task and then have the examiner
merely place a checkmark in the column corresponding to whether the step
was passed (GO) or failed (NO-GO). After several tryouts, this approach
was found to be too imprecise for the type of simulation test developed.
Information about specific errors made in task-step performance was not
available from the checklist, thus making an item-by-item comparison
with the AVS test impossible.

To correct the HO data collection instrument, a revised checklist
was developed specifying the particular task behaviors (elements) re-
quired to perform each task step. Specifically, this included the P, T,
L, A, and R elements involved in accomplishing the task steps. This
checklist was tried out by an ARI staff member together with one of the
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military SMEs who participated in the initial content validation of the
AVS test.

During several data collections using this checklist, evaluators
had difficulcy locating and recording appropriate task elements. Conse-
quently, individual task-step behaviors corresponding to each AVS test
item were circled on the checklist to highlight their identification
during observation of task-utep performance. 1In addition, space was
left before each task step for recording the sequence in which the task
steps were accomplished, and space was also provided to the right of
each task step to write additional comments. After making these changes,
the evaluators still experienced some difficulties in following rapid
sequences of action and in cbserving actions that were partially obscured
from view., Following additional data collection sessions using the per-
formance checklist, it was concluded that despite the difficulties, given
the proper training and incentives to collect reliable data, the data
collection instrument could be used by military test personnel.

Materials Developed

A performance checklist was developed for each of the main gun
breechblock tasks to obtain HO criterion data. This checklist contained
a statement of individual task steps, with each step defined in terms of
the actual behaviors involved specifically in task-step performance.
Each task-step behavior to be evaluated in performing the task was idoen-
tified by circling the letters P, T, L, A, or R opposite each require-
ment. Although total hands-on performance was rated, only those task-
stop behaviors which had a slide test counterpart were circled for
performance evaluation. A copy of this performance criterion checklist
is shown in Appendix B.

B. ESTABLISHMENT OF HO CRITERION RELIABILITY

Approach

Several alternative methods for deriving scores from the checklist
record weru considered. During the checklist tryouts, evaluators dis-
agreed in identifying exactly which elements were involved in a perform-
ance error. The evaluators could agree that some error had occurred on
a step, but not necessarily on what aspect of performance was in error,
Agreement appeared to he greater when critical errors were observed.
Therefore, scoring methods based on steps or critical items, rather than
elements, seemed to have potential for providing more reliable (and
valid) indices of performance. An interrater reliability study was de-
signed and conducted to determine the reliability of data collected by
two examiners. The military SME who had participated in the performance
checklist tryouts was obtained from the lst Training Brigade (s-3) to
assist an ARl staff member in the reliability study. Together, these
personnel collected all HO performance test data.
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A company from the lst Training BRrigade was designated as the test
company, from which a sample of trainees were selected., The company
designated had recently taken the EOC test on the breechblock and was
available for additional performance testing. Of the 168 trainees in
the company, 137 of them had passed the EOC test the first time tested,
27 passed the second time tested, and 4 passed the third time tested.

For this study, 12 first-time GOs, 12 second-time GOs, and all
third-time GOs were selected for the testing. The sample of trainees
was selected by the company's first sergeant according to the order on
the EOC test roster until the number of personnel required in each group
was obtained. From the sample, retesting was completed with 10 first-
time GOs, 8 second-time GOs, and 2 third-time GOs (N = 20). To maintain
the test as it would normally be conducted during the EOC, half of each
group was tested on removal and disassembly (RD) of the breechblock
mechanism, and the remaining half was tested on breechblock assembly and
installation (AI).

Procedurq

After being informed of the research objective, each trainee com-
pleted a one-page training questionnaire (see Appendix C) concerning the
amount and type of training received on the breechblock. After complet-
ing the questionnaire, trainees were randomly assigned to be tested on
RD or AI and were given a HO performance test by the two tost examiners
positioned within a single test vehicle. The test vehicle used for the
study was an M60Al tank with an add-on stabilization system (AOS). Each
test took approximately 30 minutes to complete. Testing was conducted
for 2 days at the 1st Training Brigade motor pool.

Ruesults

The reliability of the HO data collected independently by two dif-
ferent covaluators, each with identical HO performance checklists, was
analyzed by three different scoring methods: (1) total number of errors
committed; {2) total number of incorrect steps, i.e., steps with one or
more errovs; and (3) the total number of critical errors committed. The
criterion Jevel adopted for acceptable interrater reliability was

r = .80.

The results of the data analysis are shown in Table 2. When using
total number of errnrs committed as the scoring method, an interrater
reliability of r = ,86 was established for RD and a reliability of r =
.83 tfor AI. When the four tasks were analyzed individually, only breech-
block installation had an acceptable reliability (r = .85), although all
coefficients are statistically significant.
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Table 2

Interrater Reliability Coefficientsa for Three Methods
of Scoring Hands-On Test Performance On the
105mm Main Gun (M68) Breechblock Tasks

Scoring method

Incorrect Critical

Task Errors steps errors
Removal .69 -.02 .79
Disassembly .74 .80 1.00
Combined U5 .39 .93
Assembly .68 .64 .84
Installation .85 .74 .89
Combined .83 .78 .88

%For df = 8, r = .63 is significant with p = .05.

Analysis of these data using the total number of incorrect steps
failed to establish an acceptable reliability between evaluators on any
of the four tasks, either individually or combined. These results indi-
cate that the evaluators were no more reliable in identifying errors on
particular steps than they were in identifying the particular elements
in error.

The third method used to score HO performance was to identify the
number of critical ervors made in task performance. For this measure,
the interrater reliabilities were consistently higher than those found
fcr other measures. The reliabilities were acceptable for both RD (r =
.93) and AI (r = .88). Only the separate task of breechblock removal
(r = .79) was found to be slightly below the criterion level adopted for
acceptable reliability. Based on these results, the number of critical
errors was adopted as the measure of HO performance to be used in subse-
quent research.

The difficulties experienced in identifying errors for particular
elements or procedural steps have important implications for HO perfcrm-
ance testing. Even experienced evaluators have difficulty in following
the details of actions that occur in rapid succession and that may be
partially obscured from view. In addition, it is difficult to accurately
observe and record information on a very large number of details of a
performance process. The present results suggest that more reliable ob-
servations may be obtained when attention is focused on a smaller number
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of elements of performance that have been determined to be critical to
task performance according to established criteria.

SumnaEX

In the four tasks scored by independent evaluators, consistently
higher reliabilities were obtained when performance was measured based
on total number of critical errors. Alternative methods of scoring task
performance were found to have less or inconsistent reliability. Diffi-
culties experienced in identifying errors on particular performance ele-
ments or steps indicate that improved HO test evaluation may result from
focusing observation on critical errors. The number of critical errors
was used as the primary criterion measure of HO nerformance throughout
the research as reported later in this paper.

C. COMPARISON OF AVS VERSUS HO PERFORMANCE TESTING

Aggroach

A research design involving two groups was used to compare the AVS
test with 1O test performance. Table 3 shows the sequence of tests given
to each group. In Group A, 11E OSUT trainees were administered the AVS
test followed by the HO test. Within this group, half of the trainees
took the test on the breechblock removal and disassembly (RD) tasks, and
the remaining half took the test on assembly and installation (AI) tasks.
In Group B, trainees were administered the HO test first, followed by
the AVS test and a second HO test. Again, half the trainees took the RD
test, and the remaining half took the AI test. This arrangement per-
mitted an examination of possible tranafer between HO and AVS tests,
whereas AVS data from both groups can be combined in predicting subse-
quent HO performance.

Participants were 112 11E OSUT trainees. Sixteen trainees awaiting
their EOC examination were obtained from each of seven ccnsecutive OSUT
companies over a 10-week period. For each company, trainees were random-
ly selected approximately 3 days prior to testing and randomly assigned
to Group A or B.

Procedure

The testing procedure used throughout the study was to gather all
the trainees together immediately prior to testing and inform them of
the research effort. Privacy Act requirements were explained, followed
by the administration of the one-page training questionnaire used during
the interrater reliability study (see Appendix C). After all question-
naires were completed, each trainee was given a 3" x 5" card containing
his testing schedule and directed to his test station. The two trainees
to be immediately HO tested were directed to Tank 1 or Tank 2, and the

12
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Table 3

Experimental Design for Comparison of Simulated
Versus Hands-On Test Per formance

& Test B
Group Tasks n 1 2 3
A RD 30 AVS HO -
Al 28 AVS HO -
B RD 26 HO AVS HO
Al 28 HO AVS HO

%RD = Removal and disassembly of the breech.

Al = Asgembly and installation of the breech.

bAVS = Audiovisual slide test.

HO = Hands-on performance test.

two trainees to be AVS tested first were directed to the testing room.
All other trainees were sent to a holding area and placed under the
supervision of an NCO.

HO Test. For the hands-on performance evaluations, the ARI and 1st
Training Brigade test examiner were each assisted by a tank commander
(TC) from the company caire and known by the trainees. When a trainee
entered the tank he was infoimed of the test procedures by the TC and
encouraged to perform to the best of his ability and within the time
standards specified for the tests. Time required to perform the sep-
arate tasks, as well as the critical and other performance errors, were
recorded by the test examiners. After the trainee completed the first
HO test, the TC told him to report back to the NCO in charge at the
holding area for additional testing (Group B) or to repcort back to his
drill sergeant (Group A). Trainees passing the HO performance test dur-
ing the research effort were excused from the breechblock test during
the regular EOC test period the following day. However, trainees fail-
ing the HO test were required to take the ECC breechblock test.

AVS Test. For the AVS test, two trainees were seated in front of
a screen with a Monroe 326 Scientist calculator on a table in front of
them. As noted earlier, thuse calculators recorded trainee responses on
Qa continuous cassette tape. Answers recorded by the trainee could be
recalled after testing was completed and scored. Test directions pre-
viously recorded on audio-tape were then played to the trainees along
with a practice test. During this practice, the test administrator

13



determined the ability of the trainees to follow the procedures for re-
cording test answers in the response device. Problems in using the re-
sponse device were corrected before the test began, and trainee ques-
tions concerning the test were answered.

After the test began, the only time the AVS test was stopped was
when an error was made in using the response device. The ARI test ad-
ministrator then recorded the intended answer on paper and, if neces-
sary, advanced the machine to the proper test question. When the AVS
test was completed, the trainees were sent to the NCO at the holding
area.

Scoring and Data Analysis

AVS test responses and HO performance checklists were scored to de-
termine the number of critical errors committed. The number of critical
errors tended to have a J-shaped distribution for both types of tests,
with a predominance of zero scores. Given these distributions, and also
to be consistent with a criterion-referenced testing approach, categories
of performance were defined based on critical errors.

Both HO and AVS performance were dichotomized, with zero critical
errors required for a pass rating. AVS performance was also trichoto-
mized, with zero critical errors required for a pass rating, one criti-
cal error was a borderline rating, and two or more errors was a fail
rating.

The relationship between performance on the AVS test and the fol-
lowing HO test was examined for both two-by-two and three-by-two contin-
gency tables. For two-by-two tables, phi coefficients were computed,
and statistical significance was determined by the chi-square test of
independence. The correction for continuity was not used in these tests
(Camilli & Hopkins, 1978). For the three-by-two tables, Kendall's tau
(1) was computed and tested by the normal approximation (z) with correc-
tions for ties (Kendall, 1975).

Transfer effects were investigated by performing chi-square tests
of homogeneity (Camilli & Hopkins, 1978) between groups. To determine
transfer from HO to AVS test, the percentage passing the AVS test was
compared between Group A (AVS test given first) and Group B (AVS after
HO test). Transfer from AVS to HO was evaluated by comparing the per-
centage passing the first HO test in Group B (HO test given first) to
the percentage passing the HO test in Group A (HO after AVS). Finally,
transfer from HO to HO tests was exam.. 2d by comparing the pass rate
in the last HO test in Group A (HO after AVS) to that in Group B (HO
after HO and AVS).

The relationship between practice and test performance was exami..ed

by comparing the frequerncy of various types of practice (as reported on
the training questionnaire, Appendix C) for the group that passed
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against the group that failed for each test. The Mann-Whitney U-test
{Siegel, 1956) was performed to determine the statistical significance
of the differences in the distribution of frequencies, using the large
sample normal approximation (z) test statistic.

Results

Comparison of AVS and 1O Tests. The relationships found between
AVS and HO test performance are summarized in Table 4, based on two cat-
egories of AVS test performance, and in Table 5, based on three cateqo-
ries of AVS performance. Two-by~-three contingency tables (pass-
borderline-fail) for Groups A and B and the total sample are shown in
Table D-1. The results are described below for each task.

Table 4

Correlation Coefficientsa and Tests of Independenceb
Between HO Test Performance and Prior AVS (Long Form)
Test Performance on 105mm Main Gun (MG8) Breechblock Tasks

Percentage passing HO test 2
Tasks Passed AVS Failed AVS ¢ X
Removal 83.3 52.6 . 296 4.91*
Disassembly $8.0 100.0 -.051 0.14
Assembly c 88.2 38.5 .459 11.79%»
Installation 50.0 46.7 .033 0.06
Installationg 92.9 67.9 .315 5.544+

*Significant with p < .05 (one-tailed).
**gignificant with p < .01 (one-tailed).

%Phi coefticients (¢).
bChi-square (Xz).
“Includes skill element in scoring

dExcludes skill element from scoring.
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Table S

Correlation Coefficient:a and Tests of Siqnificanceb
Between HO Test Performance and Prior AVS (Long Form)
Test Performance on 105emm Main Gun (M68) Breechblock Tasks

Percentage passing HO test

Tasks Passed AVS Borderline Failed AVS ¥ z
Removal 2 83.3 65.0 38.9 .479 2.72*
Disassembly 98.0 100.0 ——— -.051 0.32
Assembly 88.2 57.1 16.7 .536 3.83*
Installation 50.0 50.0 41.7 .050 0.38
Installation 92.9 75.0 58.3 .431 2,53»

*Significant with p < .01 (one-tailed).

%kendall's tau (1) with correction for tied ranks.

bNoruu:l approximation (z) with correction for tied ranks.

cNo trainees made more than one error on the AVS test, so 1 = §.
dIncludes skill element in scoring.

®Excludes skill element from scoring.

Removal. A significant relationship with HO performance was
observed with either two or three categories of AVS test performance. As
Table 4 indicates, there was more than an 80% chance of passing the HO
test when no critical errors were committed on the AVS test. If one or
more critical errors was made on the AVS test, chunces of passing the HO
test dropped to abont 50-50. Table 5 shows that making more than one
error was more serious, since the percentage passing for the AVS fail
group is substantially lower than for the borderline group.

Disassembly. No significant relationship between AVS test and
HO test could be demonstrated for this task, since only 1 trainee out of
56 failed the HO test, and that trainee passed the AVS test. Seven
trainees made one critical error on the AVS test and were classed as
borderline, but all passed the HC test. This task had the lowest number
of AVS errors observed among the four tasks as well as the least number
of HO failures.
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Assembly. / strong relationship between HO and AVS test per-
formance was found fo this task. The correlation coefficients were sig-
nificant both for twc and three categories of AVS test performance.
Nearly 908 of the AVS pass group also passed the HO test. The percentage
was much lower for the remaining trainees. With more than one critical
AVS error, less than 208 of the trainees were able to pass the HO test.

Installation. 1Initial analysis of the datz (Table 4) indi-
cated that the relationship between the simulated and performance tests
was not significant. Examination of the data for individual items indi-
cated that a single critical task behavior was responsible for the lack
of test correlation. In the AVS test, trainees were to correctly iden-
tify the number of "clicks" they should raise the breechblock after de-
pressing the second extractor plunger. Most of the trainees tested
(858) correctly identified the requirement to raise the breechblock "two
clicks." When they were tested hands-on, fewer than half (44%) could
apply this knowledge. ]

Observations indicatea that when the breechblock came under less
tension, and could therefore be raised quite easily, the trainees some-
times failed to control the chain-hoist and raised the breechblock beyond
the position needed to insert the pivot pin. As a result, they had to
lower the breechblock and repeat several earlier task behaviors. Obvi-

ously, the two test items were not equivalent. Knowing what to do failed i
to guarantee being able to carry out the required behavior. Apparently, }

this task step involved an element of skill not represented in the AVS
item. A hands-on test of this particular skill component is required to
supplement the AVS test covering the remainder of the installation task.
Together, the AVS test and the partial HO test would provide a complete
synthetic test for the installation task. Data on AVS test performance
including and excluding the skill element is shown in Table D-2.

Reanalysis of the data without the skill element is presented in
Tables 4 and 5. 1In both cases, there was a significant relationship
between HO and AVS tests. Over 90% of those who passed the AVS test also
passed the hands-on test; a%out one-third of those who failed the AVS
test also failed the HO test. The difference between the borderline
group and the AVS fail group (Table 5) was not as great for this task as
it was in the removal and assembly tasks, but it was still in the right
direction.

Summary. In three out of four tasks, a significant relatiorship
between AVS and HO test performance was demonstrated. For each of these
tasks, a high percentage of trainees passed the HO test when they made
no critical errors on the AVS test. The trainee's chance of passing the
HO test was lower if he made one critical error, and even lower if he
made more than one error. Over the three tasks, the percentages passing
the HO test were 37 5% in the AVS pass group, 64.9% in the borderline
group, and 35.4% in the AVS fail group. Although the relationship be-
twe:.n HO and AVS test performance is far from perfect, it is nonetheless
quite useful from a practical standpoint.
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The occurrence of a skill element in the installation task which
could not be tested by the AVS test ig an important finding. Compariscn
of AVS and HO performance on critical items provides a methodology for
identifying elements of performance that must be HO tested. When a large
proportion of trainees pass an AVS test item, but a much smaller propor-
tion pass the corresponding HO item, a skill element is indicated. De-
tailed observations and behavior analysis should then be conducted to
substantiate the presence of a skill element. For most of tha critical
nonskil! items in thesa tasks, a lesser proportion of trainees passed the
AVS item than passed the corresponding item in the subsequent HO test.
This may reflect the difference ir stimulus and response fidelity exist-
ing betweer: the HO test situation and its representation in the AVS items. .

The breechblock assembly task was found to be very easy, so that no
relationship between AVS and HO tests could be demonstrated. However,
this task was by far the easiest of the AVS tests (12.5% failed) as well
as the HO tests (2% failed). At a lower level of training, a relation-
ship similar to that of the cther tasks might be found for the assembly
task as well.

e
e

Transfer, Practice, and Predictioh of HO Performance from Testing.
The analyses presented in Tables 4 and 5 combined Groups A and B using
data from the AVS test and the HO test which followed. Assecsament of
transfer from the AVS to HO test performance, and from HO to AVS test
performance, is of interest in two respects. Firast, transfer from AVS to
HO test might be responsible for the fact that more trainees passed the
HO test than the AVS test in every task. Second, transfer from the AVS
test, or trom the first HO test in Group B, might have altered the re-
lationship between AVS and HO tests 8o that the data were not an accurate
reflection of the "true" relationship that might be obtained if the ef-
fects of transfer could be removed.

In the event transfer is not observed, the data of Group A and B
permit the investigation of a further comparison, i.e., whether an AVS
test is Jess valid than a HO test in predicting later HO perlormance.
This comparison bears directly on the possible utility of AVS tests as a
vubstitute for HO testing.

One explmation for differences in task difficulty may be that
trainees practiced some breechblock tasks more than other tasks. Data
from the training questionnaire were analyzed as a check on this
possibility,

Transfer from Testing. Results pertinent to the transfer ques-
tions are summarized in Table 6. When performance on the first HO test
is compared between Groups A and B, the prior AVS test in Group A appears
to have raised the proportion passing by 108 to 15% in the removal, dis-
assembly, and installation tasks. However, none of the chi-square tests
of homogeneity for these proportions was significant, so there is no sta-
tistical eviderce for positive transfer from AVS to HO test. Based on
these results, the practice effect provided by the AVS test is small, if
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it exists at all. Therefore, it does not seem that Lranafer effects can
explain the higher performance obmerved in the NO test as comparazad to the
AVS test. The AVS teat appears to be a mowmewhat more difficult fomm of
tl’!t‘hq.

Table 6

Practice Effects Produced by Prior Testing for
105mm Main Gun (M6G8) Breechblock Taska

e g e = ottt it w " s g -~

Percentage pamsing fivst HO test

Prior AVS No prior AV .
Taske (Group A) (Group W) \
Removal 63.3 50.0 1.01
Disasmembly 100.0 88. 5 3.60 o
Assembly 35.7 42,9 0. 30 ﬁ\
Inntallatio% 39.3 42.9 0.07 -
Installation 75.0 60,7 1.3

__Pexrcentage passing AVS test

Prior 1O No prior WO 5
Tasks (Group B) (Group A) N I
Removal 34.0 30.0 0.14 |
Disassembly 88.5 86.7 0.04 |
Assembly 46.4 14,3 6. 04¢ |
Installation; 39.3 53,6 1.1 !
Installation 46. 4 53.0 0.29 {

- e s e - S emee PUTEE - a -

Percentage passing final MO teat

Prior HO, Avs Prior AVH y
Tasks (Group B) {(Group A) \ !
e et rionfEoera - e Eii i , - {
Removal 61.5% 63.1 0.02
Disassembly 96. 2 100.0 1.8
Assembly x 7.4 5.7 7.\18¢
Installatio 57.1 39.3 1.79
Installation 85,7 75.0 1.02

L e e - - P - - SN

*significant with p < .01,

ncludes skill element in seoring.

bh‘xcluden skill element from scorving.
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The first HO test did produce a substantial practice effect for the
assembly task. This was found comparing the AVS test, as well as the
subsequent HO test, between Groups A and B. The percentage passing was
over 308 higher for Group B and was statistically significant in both
cases. Since the practice effect that occurred for both assembly tests
did not occur for the other tasks, and there was no substantial transfer
from the AVS test, pooling of data on the final HO test from Group A and
B is justified. The reclationships demonstrated between AVS and HO test
performance should be reasonably representative of the relationship that
exists without repeated testing of the same individual. However, the re-
lationship may have been somewhat strengthentd for the assembly task,
since a wider :range of abilities may have been assessed on that task be-
cause of the transfer effect.

Prediction of Subsaquent HO Performance. Considering the high
AVS-HO relationship, lack of transfer from AVS to HO test performance is
a particularly important finding, since AVS test methods may be used to
assess the current level of HO test ability without having a substantial
effect on HO performance. The present results indicate that, given the
number of critical errors on an AVS test, HO test critical errors can be
expected to be less than or equal to that number in most cases. Thus it
may be possible to pass those who have no critical errors on an AVS test
without giving a more costly HO test, and suffer no more incorrect de-
cisions than would be made using a HO test alone.

Analyses relevant to this possibility are presented in Table 7,
which shows HO test performance as a function of prior AVS test perform-
ance (Group A) in cowparison with HO test performance as a functiun of
prior HO performance (Group B). This comparison is only valid for the
removal and installation tasks where there was no transfer from HO test-
ing to subsequent HC performance. Performance of Group B is biased up-
wards on the assembly task data, which showed a significant practice ef-
fect, The disassembly task is also not relevant, since only one trainee
failed the task. The basic data are shown in Table D-3.

For both the removal and installation tasks, the prediction of sub-
sequent HO test performance tended to be higher from a prior AVS test
than from a HO test. The correlations are significant with AVS test
performance for both tasks and not significant with the prior HO test
for both tasks. Surprisingly, the prior HO tests had no relationship to
subsaquent HO performance on the removal task.

Considering all tasks, a pass given on the basis of an HO test was
never much better than a pass given on a AVS test as an indication of
the trainees’ ability to perform the task, as assessed in a HO retest of
that ability. In the removal task, the AVS test was clearly a better
indication of later ability to do the task than was the HO test! These
results indicate that AVS tests, under some circumstances, may be a more
reliable method of testing than HO testing itself. This finding re-
quires additional confirmation in further research. 1In the present
study, the relationship between (IO tests may have been disturbed by the
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Table 7

Comparison of Relationships Between HO Test Perfommance
and Prior AVS or HO Test Performance

With prior HO test,

percentage passing HO test 2
Tasks HO pass HO fail ¢ X
Removal 6l1.5 61.5 0.000 0.00
Disassembly 95.7 100.0 -0.072 0.14
Assembly 80.0 62.5 0.228 1.406
Installation” 94.1 72.7 0.299 2.50

With prior AVS test,

percentage passing HO test 2
Tasks AVS pass AVS fail ¢ X
Removal 100.0 47.6 0.498 7.44;
Disassenbly 100.0 100.0 === * ———-
Assembly 5 75.0 29.2 0.209 1,22
Installation 93.3 53.8 0.454 5. 79¢

*Significant with p < .01 (one-tailed).

aExcluding skill element from scoring.

bNot computed, since no trainees failed the HO test.

intervening AVS testing, even though no net positive or negative transfer
effect from AVS testing was observed.

Training Questionnaire. Data on the frequencies of various
types of training experiences are summarized in Table 8., In training,
ramoval and disassembly as well as assembly and installation are always
done together, so that the frequencies rerarted were identical for each
of these pairs of tasks. The data indicate a similar pattern of training
in both cases, with the instructor demonstrating once, each trainee prac-
ticing twice himself, and observing other trainees’about three times.

Interestingly, the instructor's demonstration is not reported in
sceveral instances. The differences between means and modes suggest that
in some cases a little less training is qiven on the assembly and instal-
lation tasks. Howuever, the differences are not sufficiently large to
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Table 8

Frequency of Types of Practice Reported on the Training
Questionnaire for 105mm Main Gun (M68) Breechblock Tasks

Removal and disassembly (percentage)

Type of practice Mean Mode None \
Observe instructor 1.35 1 16.4
Observe trainee 3.02 3 3.6 g
Hands-on practice 2.05 2 3.6

Total 6.49 5 3.6

Assembly and installation (percentage)

Type of practice Mean Mode None ﬁ&}
- ¥
Observe instructor 1.25 1 12.5 [nf‘
Observe trainee 2.95 2 0.0
Hands-on practice 1.70 1 5.4
Total 5.89 4 0.0 4

account for the difference in difficulty observed between the disassembly
and assembly tasks.

Differences in reported training were examined between the groups of
trainees that passed and failed each task. Only a few significant differ-
ences were found, and the direction of the differences was not consistent,
For these data, there was no strong relationship indicated between amount
of practice and HO and AVS test performance. The results of these compari-
sons are presented in Appendix E.

Summary .

No evidence of transfer from the AVS testing to HO performance was
obtained. On this basis, AVS tests may be used to assess performance
capability without markedly modifying those capabilities. This finding
can be expected to genqralize to other tasks, since the AVS tests provide
very limited sources of intrinsic performance feedback. In contrast,
transfer from HO to AVS test performance and HO performance was found for
one task (assembly). Transfer from HO testing can be expected to result
from intrinsic feedback provided by task performance.
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Prediction of HO test performance was examined for tasks that did
not show transfer. FPrediction from AVS test performance was as good as
prediction from HO performance for both removal and installation tasks.
For the removal task, HO test results did not predict subsequent HO per-
formance at all.

Differences in frequencies of reported practice were not sufficient
to account for differences in difficulty among the tasks. No consistent
relationship was found bstweun reported practice and performance on
either AVS or HO tests.

I11. DEVELOPMENT AND EVALUATION OF SHORT-FORM
AVS PERFORMANCE TESTS

With the results of the comparison study supportive of the simulated
performance test developed, the next phase of the research effort was to
suqgest a methodology for developing an audiovisual simulated performance
test based on the lessons learned from developing the breechblock AVS
test. This methodology is presented in Appendix E.

Two major departures from the procedure used in developing the
breechblock test {long form) were considered important. First, diffi-
culties experienced in 35mm photography and production of slides sug-
gested that use of instant print photography in development of a prelim-
inary paper-and-pencil test could speed up the AVS test development
process. Second, the AVS tests for the breechblock appeared to contain
an excessive number of items, particularly since many of the items did
not contribute to test validity. It was desirable to reduce the test
length, if that could be done without compromising test validity,

To determine the adequacy of the methodology developed for AVS per-
formance rating, two brief studies were conducted. In the first study,
the AVS test developed initially for the removal, disassembly, assembly,
and installation of the 105mm Main Gun (MGB) breechblock mechanisin was
modified (abbreviated) and a final comparison made between it and the HO
performance test. In the second study, a short-form AVS performance
test was developed for a different EOC task and compared with its HO
perfomance test equivalent. The specific test development approach and
procedures followed in conducting these studies, as well as the study
results, are described below.

STUDY I: MAIN GUN BREECHBLOCK MECHANISM

Test Development

Approach. Based on the original long-form AVS test, it was only
necessary to carry out tasks 5, 8, and 9 of the methodology outlined in
Appendix F to develop a shortened form of the AVS test. Individual
slide test items which were noncritical were analyzed; those found to
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be passed by nearly all trainees tested during the initial test develop-
ment were excluded from the revised AVS test, and thrse test items that
were failed or found to be more difficult were included. The only ex-
ception to this method was when test items passed by the majority of
trainces were needed to maintain total task test continuity.

Materials. Following this approach, a short-form AVS performance
test using 35mm color slides was developed for the removal, disassembly,
assembly, and installation of the 105Smm Main Gun (M68) breechblock mech-
anism. The AVS test consisted of 45 items (slides) and took approximately
30 minutes to administer, compared to the 205 items and 1 hour for the
original test. This included 5 minutes for test directions and practice
testing, 5 minutes for answering trainee questions, and 20 minutes for
test administration. A breakdown of the number of test items per task ]
along with the number of test items identified as critical for successful
task performance is presented in Table 9. Appendix G contains the AVS
test directions and the paper-and-pencil copy ¢f the AVS test and answer
sheet. Performance elements corresponding to the short-form AVS test yat
items are indicated by number on the HO checklist copy also shown in Ap- ‘,.?;;

pendix G. )

Table 9

Number of Critical and Continuity Test Items per Task
for 105mm Main Gun (M68) Breechblock Test

Test items
Breechblock tasks Critical Continuity Total
Removal 7 9 16
Disassembly 3 o 3
Assembly 5 2 8
Installation S 13 18
Total 20 25 45

Test Evaluation

Method. The short-form AVS breechblock test was evaluated to de-
termine if the test remained valid after elimination of 78% of the items.
Two platoons of 11E OSUT trainees were administered the test 1 day prior
to their EOC test. Based on the results of the AVS test, 10 trainees
having the largest numbers of critical errors (mean = 7.4) for RD and Al
were selected with 10 other trainees having the smallest numbers of
critical errors (mean = 1.6) for RD and AI. Five trainees from both
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the high ard low error groups were then assigned to one of the two HO
performance test groups.

Individual trainees selected for the study were notified of their
selection at the start of the EOC test and told by the NCOIC to report
to the breechbiock station for testing. On arrival at the test station
they were instructed by the ARI teet examiner to line up behind one of
two tanks in alternating task order; i.e., removal-disassembly, assembly-
installation. The test evaluators were the same individuals used during
the long-form AVS test evaluation effort. Procedures used throughout
the HO data collection were the same as those in the earlier breechblock
testing.

Results. Relationships between AVS and HO test performance are
summarized in Tables 10 and 11. Two-by-three contingency tables (pass-
borderline-fail) are presented in Table G-1. Fisher exact tests were
used to determine the statistical significance of the relationships re-
ported in Table 10. For these data, small expected frequencies prevent
the use of chi-square. In scoring HO tests, it is a common practice to
combine performance measures on subtasks, giving a "GO" rating on the
overall task only if a "GO" is obtained in each subtask. The usual pro-
cedure in the 1lst Brigade was to test only on the removal and disasseinbly
tasks, or on assembly and installation, and to pass the trainee only if
performance was rated "GO" on both tasks. Therefore, it was interesting
to determine whether the relationships between HO and AVS testing was
maintained for combined tasks as well as individual ones. The results
of the short-form test evaluation for the main gun breechblock mechanism
are presented below for both individual and combined task performance.

Table 10

Correlation Coefficients® and Tests of Independenceb
Between HO Test Performance and Prior AVS (Short Form)
Test Performance on 105mm Main Gun (M68) Breechblock Tasks

Percentage passing HO test

Tasks Passed AVS Failed AVS ¢ p
Removal 100.0 14.3 .802 .033*
Disassembly 100.0 83.3 .272 .600
Combined 100.0 25.0 .612 .133
Assembiy 66.7 42.9 .218 .500
Installation® 100.0 50.0 .667 .200
Combined® 66.7 42.9 .218 .500

*Significant with p < .05 (one-tailed).
“Phi coefficient (¢).
bPisher exact probability (p).

®Excludes skill element from scoring.
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Table 11

Correlation Coefficients® and Tests of Significanceb Between
HO Test Performance and Prior AVS (Short Form) Test
Performance on 105mm Main Gun (M68) Breechblock

Percentage passing HO test

Tasks Passed AVS Borderline Failed AVS 1 F
Removal 100.0 0.0 20.0 .587 1.74*
Disassembly 100.0 100.0 50.0 .471 1.30
Combined 100.0 100.0 14.3 . 766 2.24*
Assembly c.d 66.7 100.0 33.3 . 385 1.08
Installation é 100.0 50.0 ———— .667 1.75*
Combined 66.7 100.0 33.3 .385 1.08

*significant with p < .05 (one-tailed).

4endall's tau (1) with correction for tied ranks.

bNormal approximation with correction for tied ranks.

“Excludes skill element from scoring.

dNo trainees made more than one error on the AVS test, so 1 = §.

Removal. The results of the data analysis indicated a signif-
icant relationship between the AVS test and tha HO test based on either
two or three categories of AVS test performance. All trainees who passed
the AVS test and were thus predicted to pass the HO test did, in fact,
pass. Only 1487 (one of seven) of those who made one or more errors on
the AVS test were able to pass the HO test.

By way of comparison, these results indicate that the relationship
of the short-form AVS test with HO test performance appeared to be no
less than that obtained previously with the long form of the AVS test.

Disassembly. There was no significant relationship between
the AVS and HO tests for this task. The results obtained, by comparison
with the earlier study, were quite similar in that only one trainee ac-
tually failed the HO test. Without a certain number of such task fail-
ures, a significant correlation coefficient cannot be obtainad.
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Removal and Disassembly (Combined). When the easy disassembly
task was combined with the harder removal task, the correlation coeffi-
cients were similar to those obtained for the removal task alone. The
résults for the combined tasks failed to indicate a significant relation-
ship between the AVS and HO tests when AVS test performance was dichoto-
mized. However, the relationship remained significant when predicting
from three categories of AVS test performarce. As Table 11 shows, all
those who made zero or one error on the AVS test passed the HO test,
while only on2 out of seven passed the HO test with two or more AVS test
errors. Despite the fact that the relationship was not significant with
two categories, the results indicate that little prediction power was
lost when the tasks were combined.

Assembly. No significant relationship was established between
the AVS and HO tests in either analysis. In comparison with the earlier
research findings, the relationships were somewhat weaker than those ob~
tained with the long form, although they still tend to be in a positive
direction.

Ingtallation. This task was much easier than was the case
previously, with only one trainee in the present sample failing the HO
test. Although the coefficients of correlation were higher than those
observed for the long form and the coefficient was significant for three
categories of AVS test performance, no definite conclusion can be reached
because of the small number of HO failures.

Assembly and Installation (Combined). The results for the com-
bined test were identical to those for the assembly taskx, which was the
more difficult task in this case. No significant relationship between
AVS and HO test performance was found in either analysis.

Summary. The small sample of data obtained for this study preclude
any firm statistical conclusions about the effects of abkreviating the
long form of the AVS breechblock test. A definite relationship between
HO and AVS tests wes only found for the removal task. In other cases
the results were in a positive direction but nonsignificant due to the
small number of HO failures.

Considered together, the findings are nonetheless promising, since
the short-form results were actually quite close to those obtained with
the long-form AVS test. Overall, 94.4% of those who had zero errors on
tae AVS test also passed the HO test, compared to 66.7% of those with
one error, or 30% of those with two or more errors. These percentages
are quite similar to those obtained with the long-form AVS test, al-~
though extreme groups were selected for the present samp.e.

With respect to the effects of combinirg tests, the results suggest
(as might be expected) that the relationship batween AVS and HO tests
will largely be a function of that obtained with the more difficult of
the subtests entering into the combination. In developing an AVS test,
any subtest found to be very easy should probably be combined with a
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more difficult subtest ir preference to entirely eliminating it from the
test. Under other circumstances, such as less effective training, the
subtest would not necessarily prove to be so easy. The combined test
would still permit errors on the easy subtest to be detectad, whereas it
the subtest were eliminated the possibility for such errors would pass
undetected.

STUDY Il: COAXIAL MACHINE GUN (M73/219)

Test Development

Approach. The AVS performance test development methodology (except
for Task 6) in Appendix F was used to develop an AVS test for five co-
axial machine gqun (M73/219) tasks. Where posaible, the 35mm slide ma-
terials developed for the machine gun at the beginning of the project
were used. Additional slides were required to develop an AVS test for
removing a stoppage. In this case, all test materials were prepared
from analyzing the job tack description data (Task 1), through pilot
testing (Task 8), amitting Task 6. The test directions and the prac-
tice test were adapted from the AVS test developed for the main gun
breechblock.

Materials. Il'ollowing the suggested methodology, an AVS performancc
test was developed for the coaxial machine gan (M73/219). This AVS test
included the tasks of clearing, disassembly, assembly, conducting a
function check, and removing a stoppage. Allowing 5 minutes for test
directions and practice testing, and an equal amount cf time for answer-
ing trainee questions, the AVS test contained 8] test items and took ap-
proximately 35 minutes to administer. The number of items for the five
machine gun tasks are presented in Table 12. A copy of the test direc-
tions, the paper-and-pencil copy of the AVS test and answer sheet, and
the checklist used for HO performance evaluation are shown in Appendix H.

Table 12

Number of Critical and Continuity Test Items (Slides)
per Tasy for the Coaxial Machine Gun (M73/219)

Test items

Machine gun tasks Critical Continuity Total
Clearing 12 8 20
Disassembly 4 10 14
Assembly 3 13 16
Function check 8 3 11
Stoppage 12 8 20

Total 39 42 81

28




Mo 0 g ey

Test Evaluation

Method. One platoon (N = 17) of l11E OSUT trairees from the lst
Training Brigade who had completed training and were waiting for their
EOC test were selected for testing. All 17 trainees were to be adminis-
tered the AVS test, followed by immediate HO performance testing. Only
10 trainees, however, were made available for the HO testing. The re-
maining 7 trainees had to be evaluated during their EOC test being co..-
ducted on the following day.

For the immediate performance test data collection effort, four ARI
personnel who had been trained to evaluate the task were used as test
evaluators. During the test, each trainee's performance was indepen-
dently scored by each of the four evaluators. Any differences obtained
between evaluators were resolved upon test completion, and a single task
performance record was prepared for each trainee. For the EOC hands-on
data collection effort, two of the above evaluators were usad to observe
and evaluate each of the seven trainee's task performance. -For these
trainees, only pass or fail judgments were obtained.

In scoring AVS test performance, trairnees making one error were
classified as borderline on individual tasks. For combined tasks, how-
ever, trainees with either one or two errors were classified as border-
Jine. In all cases, zero errors were required for a pass rating.

Results. Relationships between HO and AVS test performance for the
machine gun tasks are summarized in Tables 13 and 14. Two-by-three con-
tingency tables are reported in Table H-1. The results of the AVS test
evaluation study are presenteé below for each coaxial machine gun task
and combined tasks.

Clearing and Disassembly. For both tasks, chances of passing
tlie HO test were best for those making no errors on the AVS test and
were lowest for thuse making more than two errors. Reflecting this re-
lationship, moderate positive correlations were found for both tasks.
However, none of the correlations was found to be statistically
significant.

With cae or two errors allowed for a borderline rating on the com-
bined trsks, the relationship between AVS and HO perfoimance was some-
what strengthened. All who failed the combined HO test had more than
two AVS exrrors. As shown in Table 14, the tau coefficient was signifi-
cant for the combined clearing and disassembly task.

Assembly and Function Check. Chances of passing the HO test
were best for those making no AVS test errors and least for those making
more than two errors. While the tau coefficients were found to be sig-
nificant both for separate and combined tasks, there was only one HO
test failure in each case, so that the normal approximation is suspect
for these data. Although the tasks were too easy to provide strong sup-
port for a relationship between AVS and HO tests, the data at least were
not inconsistent with the overall pattern of results.
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Table 13

Correlaticn Coefficients® and Tests of siqnificancob
Between HO Test Performance and Prior AVS Test
Performance on Coaxial Machine Gun (M73/219) Tasks

Percentage passing HO test

Tasks Passed AVS Failed AVS ¢ p {

% 1

-

Clearing 100.0 64.3 .299 .324 i
Disassembly 90.0 57.1 .381 . 162
Combined 1v0.0 53.3 . 306 .331
Assembly 1cC.0 66.7 . 540 .176
Punction 100.0 75.0 . 450 . 235
Combined 1690.0 75.0 . 450 .23%
Stoppage 1060.0 70.0 . 387 .176

3ohi coefficient (4).

b.t"isher exact prcbability (p).

Table 14

Correlation Coefficients® and Tests of Significancek'
Between HO Test Performance ana Prior AVS Test
Performance on Coaxial Machine Gur (M73/219) Tasks

Percentage pasaing HO test

Tasks Passed A7S Borderline Failed AVS L z
Clearing 106.0 100.0 58.3 .397 1.58 ‘
Disassembly 90.0 66.7 50.0 . 383 .£4
Combined i00.0 100.0 36.4 .586 2,35*
Assembly 100.0 66.7 cm—— .540 2.16**
Function 1006.0 eemme- 75.0 451  1.66**%
Combined 100.9 100.0 50.0 <501 1.92%+
Stoppage 100.0 80.0 60.0 412  1.684*

*Significant with p < .01 (one-tailed).
**significant with p < .05 (one-teziled).

%kendall's tau (1) with correction for tied ranks. !
bNoml approximation (z) with corrections for tied ranks.
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Stoppage. For this task, HO performance decreased with AVS
errors, and moderate correlations were found both for two and thruve cate-
gories of AVS performance. With three categories, the tau coefficient

was si_aificant,

Summary. The relationship between HO and AVS test performance was
not as strong for the machine gun tasks as that found for the breech-
block tasks. 1In part, these results reflect the higher level of per-
formance on the machine gun tasks. For the machine gun, 83.5% of all
tasks were passed, whereas only 67.58% of breechblock tasks were passed
by the short-form sample, and 73.7% by the long-form sample. With a
high rate < passing and a small sample of trainees, strong statistical
support for the relationship could not be obtained.

Nevertheless, the data on the machine gun tasks present very much
the same type ¢i picture as chat obtained with the breechblock tasks.
Overall, 97.9% of those passing the AVS tost also passed HO test, com-
pared to 76.9% of those borderline on the AVS test or 60V of those fail-
ing the AVS tost. Those results indicate that the approach taken in de-
valoping the breechblock and machine gun AVS tests could be expected to
be successfully applied to other tasks having simiiar characteristics,

DISCUSSICN

Major Findings

Relationship Between AVS and HO Tests. Using slide-tape AVS tests
to predict HO performance, a consistent type of relationship was ob-
tained throughout the present research. Trainees making no errors on an
AVS test had a high probability of passing the corresponding HO tost.
Although failure on a HO test cculd not be predicted with equal certain-
ty, the probability of passing a HO test was much reduced for those mak-
ing AVS test errors.

The present results indicate that a well-validated AVS test may be
used as a performanced-based criterion to screen examinees. Using an
AVS test criterion, the decis.on to pass an examinee has no more risk of
pasuing an unqualified examinee than woi'ld result from a parallel HO
tost. Under some circumstances, the AVS test may be more predictive of
subsequent HO performance than a HO test itself, as was found for one
breechblock test.

in most casus, examinees making only one error (borderline) had a
higher probability of passing a HO test than those making more than one
error. When a three-category decision scheme is used with an AVS screen-
ing test, those classed as borderline might bo given relatively brimsf re-
medial or refresher training, perhaps only concerning the critical ele-
mant of performance where the crror was committed. Those oxaminees
making several errors should probably be given more oxtonsivo HO re-
training covering the entire task.
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Tronafer from AVS to WO Teats. AVS testing did not projwe any
great tmpmvemont in anb-wqum\t ) performmance when trangfer was an-
acnsed for the bhreechblock tests, Since no feedback iz rupplied follow-
ing incorrect responses in the AVE terts (unlike the intrinsic feedback
provided by HO teating), little learning would be expected in the AVH
teat situation., The AVS test does contain infomation on the proper ne=
quence of performance steps, but examineer in the prerent zamnle appar-
ently were not able to make any substantial vase of this information to
increare their performance knowledge.

Although the percentage of examineer pasning NO teats war always
larger than the percentage passing the corrvesponding AVS test, tvansfer
cannot account for thia difference in performance levels., Apparently,
the AVS teats tend to be more difficult than the RO tesata,

Lack of transfer auggests that AVS teats may be used to advantage
in repeatedly azreszing levels of individual readiness {n unita and the
trend of retention lose aver time following training. To the extent
that HO tests produce learning, HO test results provide a bhiased amgeszm-
ment of readinesa, since they do not reflect possible increment in per-
tormance produced by testing. Trurthermore, repeated retesting of the
same individuals cannot be used to determine the course of retention
loss, aince the degree of retention losa can be mavkedly veduced by ve-
peated testing., Repeated AVS tests might not produce a similar effect,
and this possibility should be tesmted in later remearch,

For unit assessment purposer it would almo be important to deter-
mine whether some correction could be applied to AVS teat vesults to
produce an unbiased eatimate of the WO pass rate. A it now mtanda, AVS
test results will underestimate the level of HO performance in & unit,

Critical Performance Skills. Although tasks involving we'or per-
formance are qem\rnily helieved to require skill, the reaulta of the
pregent studies confimm previous findings (Shriver & Foley, 1974) that
machine-dependent procedural tasks require little skill., For nearvly atl
critical items, knowledge of what to do, ar indicated by an AV tent
item, guaranteed a high probability of being able to perform the com-
parable O step, The probability of HO error was markedly higher than
that for the AVS item only for one step in the breechblock inztailation
task. Additional analysiz of the performance requirements for that step
confitmed the prosence of an aelement of skill., The predictability of
RO performance was restored when arrors on this {tem were removed from
the count of critical errors.,

The comparison of AVS and HO test performance on critical items ap-
pears to provide a useful empirical method for identifying skill ele-
ments in procedural tasks. When the knowledge of what to Qv is both
neceasary and sufficient for succesaful performance of a behavioral
atep, =skill is not required. When knowledge is necessary, but not suf-
ficient to guarantee successful performance, then skill is requirved.
The latter indication should be followed up by detailed observation and
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analysis of the behavior to fully identify the nature of the skill to
insure that the indication is not faulty or misleading.

When the nature of the skill has been identified along with the
factors contributing to HO failure oi the behavioral step, it should
then be possible to develop a valid but brief HO test covering the task
segment, including the skill step. The step should not be tested en-
tirely in isolation, since the examinee should be given a portion of the
task sufficient to fully reinstate the relevant contextual cues avail-
able to quide perfiormance. If an appropriate simulator is available, a
high-fidelity simulation may be used in place of actual aquiprent in
testing the task segment.

The HO or simulated test of the skill step may then be combined
with the AVS teoust to form a complete synthetic test for the task. Pass-
ing both the AVS test and the skill step would be required to pass the
synthetic test.

Reliability and validity of HO Testing. Interrater reliability was
found to be consistently high when critical errors were correlated,
whereas other measures (total errors and step errors) tended to have
lower reliabilities. On this basis, critical error scores were used as
the primary criterion of performance to validate AVS tests throughout
the present research.

Using critical error measures, subsequent examination of the pre-
diction of HO performance for the breechblock showed that the test-
retest reliabilities were disappointingly low for HO data. For the
breechblock removal task there was no relationship between performance
on successive HO tests. Such results demonstrate that, even when the
evaluators are experienced and capable of reliable scoring, a single HO
test may not provide a reliahle indication of future HO performance.

Observations of HC testing conducted by Army personnel revealed po-
tentially serious validity problems in HO evaluation data. Unrealisti-
cally low failure rates may be obtained where standards are ignored or
loosely interpreted by the examiner., This was observed in HO testing
for the breechblock and machine gun tasks studied here and may be the
case for many other tasks as well.

Heretofore, the reliability and validity of Army HO performance
tests has receivel little formal attention. A HO performance test is
uncritically regarded as providing virtually perfect indication of per-
formance capability. The test is assumed to have construct validity by
virtue of being based on a task analysis and an explicitly defined per-
formance objective, complete with conditions and standards. The test is
assumed to be reliable, since ability to perform a task is conceptual-
ized as a all-or-nothing phenomenon, rather than a matter of degree with
observed performance being a variable and probabilistic outcome imper-
fectly reflecting ability. The all-or-nothing conception grows from the
criterion-referenced attributes of the test. The present results
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demonstrate that the use of criterion-referenced tecting does not elim-
inate the neceasity of determining the reliability and validity of tests
implemented in field applications.

To an extent, reliability and validity problems may be generated by
overemphasis on "GO/NO-GO" scoring and product orientation, both in the
development of tests and in the training of test examiners. Score sheets
given to HO test examiners to -ecord test results typically proviae space
to report only an overall "GO/NO-GO" for each task. Standards may be
omitted, even when some steps are listed to remind the examinees of the
sequence of task performance.

Ordinarily, the HO test examiner is inatructed to adopt a product
orientation in scoring performance. He is told that it doesn't matter
how the task is completed as long as it is completed within certain
standards. However, the standards tend to be overlooked or relaxed when
heavy emphasis is placed on the product of performance rather than the
process. Grounds for failure such as fleeting safety errors or other
minor errors that could damage the equipment may easily pass unobserved
if the examiner does not have his full concentration focused on details >
of the process of pertormance. Thus, high pass rates may be obtained
with HO tests, when at the same time careful examination of the process
of performance indicates that the task standards frequently are not met.
This situation should not be viewed as evidence of bad faith, laxness,
or intenticnal bias on the part of regular Army test and evaluation per-
sonnel, but simply as a natural consequence of the scoring instruments
and method of testing.

Improvements in HO performance evaluation might be achieved if ex-
aminers were reoriented toward observation of the prucess of perform-
ance in addition to the product, even though it is the performance prod-
uct that is the primary interest. Process evaluation should be aided by
a content-validated checklist, explicitly listing only the critical ele-
ments (rather than steps) of performance that are required to insure re-
liably repeatable HO performance. Self-corrected errors on critical
elements should be grounds for failure, unlike present practices. When
critical errors are corrected, performance still would be allowed to
proceed, so that further critical errors could be identified for diag-
nostic purposes. Additional quantitative requiroments, such as time,
should be numerically recorded, and only latar compared to cutoff points
as a basis for the overall final "GO/NO-GO."

Aside frcem problems orf reliability and bias in scoring, experience
in the course of developing HO checklists shows that there are important
obstacles to establigshing the content validity of a particular perform-
ance process. Frequent inconsistencies were found among sources of task
documentation, training and test procedures, and advice of SMEs. The
task analysis methods and approach to content validation suggested in
Tasks 1 through 3 of the AVS test development methodology mav be helpful
in reconciling discrepancies among various authoritative sources.
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Key Methodological Factors

Several aspects of the methodology employed here and the proposed
test development methodology appear to be crucial in the successful de-
velopment and validation of AVS tests.

Performance Knowledge. The test should be based on a conceptuali-
zation of the elements of performance knowledge which are acquired during
hands-on practice, By definition, such knowledge is present in the mem-
ory of the proficient examinee and is incomplete in the less-proZicient
examinee. Valid test items should be designed to be easily answerable
by one who can remember how to do the task and obscure to those who
cannot.

Critical Elements. The test items should focus on performance ele-
ments that are critical to task performance. It is not necessary to re-
member every detail of task performance to successfully complete a task.
In low-skill, machine-dependent pro~edural tasks, there is opportunity
to correct minor errors based on feedback from the behavior and response
of the machinery. For example, knowledge of the orientation of a part
may not be essential for an assembly task, since the part often will not
"go in" if improperly oriented. A little time is lost, but the part may
be reoriunted with little risk of total failure. Only under heavy time
pressure would orientution knowledge prouve important to save time.

In most cases, only safety errors, eirors likely to produce damage
or malfunction, or errors which do not provide feedback ov only much de-
layed feedback should be concidered crucial. In the latter case, the
error will aither not pe discovered or will be discovered after many
subsequent steps, so that many steps will have to be retraceda or re-
peated, with a substantial loss in time.

Procedural Continuity. AVS testis should be designed to maintain a
sense of continuity in the procedure. Perfonmance of procedural tasks
appears to be heavily dependent on contextual cues arisgsing from prior
performance steps. These contextual cues provide the stimuli for recall
of what to do next. If the examinee doean't know exactly where he is in
the procedure, he will frequently be confused about what comes next.

AVS test items presented out of context might easilv be answered incor-
rectly, even though they uvsually wonld be performed correctly. Attempts
to reinstate the performance context by verbal instructions will prob-
ably not he as effactive as actually going through successive steps in
a series of test items that provide a representation of the visual cues
occurring in the sequence of procedural steps.

The machine gun clearing test provides a good example of this prob-
lem. In this task, the safety is moved between the "fire" and "safe"
positions in several Gifferent steps. Without going through the pro-
cedure stepwise, and thus knowing that a particular action has just been
taken, it would be difficult to remember whether or nst to move the
safety next. Telling the examinee to imagine that the action has been
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taken does not reinstate the occurrence of the contextual cues in the
same way that showing a picture of the action would simulate their
occurrence.

Tryout and Revision. Repeated tryout and revision is a very impor-
tant contributor to the validity of an AVS test. For many of the items
developed, the original ideas about how to picture a performance ele-
ment, how to state the question, what response alternative to use, etc.,
were found to require considerable revision as a result of tryouts.

Even notions about what items are critical required revision. The final
version of each test that was validated was always a substantial im-
provement over the first version.

Systematic tryouts force the developer to look closely at both AVS
and H) performance to develop a better understanding of why errors occur
in either test, to account for discrepancies between tests, and to dis-
cover inadequacies of the original behavioral analysis. Without the
discipline of repeated tryout, AVS tests will not usually be valid, how-
ever carefully the other steps of the methodology are carried out,.

Method of Validation. An important factor is the kind of HO cri-
terion data used to validate the AVS test. The HO data should be gath-
ered by specially trained personnel using a content-validated checklist
which emphasizes observation of the same critical items of performance
as the AVS test critical items. Although use of a checklist listing
only critical items was suggested to aid HO testing for evaluation pur-
poses, the complete checklist should be used when validating AVS tests.
The complete checklist is more difficult to use, but provides a firmer
basis for determining that all critical elements have been identified
and included in the AVS test.

Methodological Limitations

The AVS test development methodology suggested here can be expected
to be successful in producing a predictive test only for tasks like
those investigated in this research; that is, machine-related, low-skill
procedural tasks. Based on the results of Shriver and Foley (1974),
successful application cannot be expected in variable-branching proce-
dural tasks, such as alignment and troubleshooting, or to high-skill
tasks, such as soldiering or tracking. Skill elements embedded within
low-skill procedural tasks also cannot be successfully tested by AVS
items, as results for the breechblock installation task showed. Thus,
while AVS items may be used to test most task elements, they may have to
be combined with a HO test, or other high-fidelity simulated test on one
or more skill elements to form a synthetic test for the whole task.

Despite these limitations, the suggested development methodology
can be expected to apply to a very large number of tasks, at least in
the machine-ascendent combat-arms MOS. In armor MOS, for example, the
(new) CMF 19 task lists have 61 common tasks, of which about 548 appear
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to be appropriate for AVS testing. About 64% of the MOS-specific tasks
seem to be appropriate, ranging from 53% of 85 tasks for the 19D scout,
to 77% of the 31 tasks for the 19F tank driver. A large proportion of
tasks in organizational maintenance MOS should also be amenable to AVS
testing.

Efficiency of Simulated Testing

The efficiencies to be gained through AVS testing require careful
study. Major savings in the areas of equipment and examiner personnel
can be expected given the relative costs of audiovisual and military
equipment, and the group-administration of AVS tests. Based on the
present data, the necessity for 48.9% of the HO tests for the breech-
block, and 55.30 of the HO tests for the machine gun might be avoided
by initial screening with the AVS tests.

Examinee time is not so clearcut, efficiency depending to a large
extent on how the AVS tests are combined with alternative testing and
retesting procedures to form a full-performance screening system.
Methods for evaluating the cost efficiency of pretesting systems for
MOS 11B have been examined by Hiller (1977). Hiller's methods of anal-
ysis can be used easily. to develop similar cost-efficiency models ap-
plicable to armor MOS. Unfortunately, the present research was com-
pleted prior to the appearance of Hiller's work, so that the data
required to carry out the analysis were not obtained.

The AVS tests developed for the breechblock and machine gun both
require testing time longer than that required to HO test one person.
Thus, AVS testing would involve increased testing time per individual.
This time may be partly or completely recovered from administrative time
now wasted, such as waiting time spent in line or time required to
travel between testing statiuns. Detailed study of queuing network
models is required to determine the optimal struccure of screening sys-
tems to minimize expenditures of training and testing time, along with
personnel and equipment resources.

Implementation of AVS Testing

Screening systems based on AVS tests might be useful in both insti-
tutional and unit training settings. In institutional settings, group
testing could be used to determine individual needs for remedial train-
ing prior to end-of-cycle or mid-cycle tests. If the AVS tests are
based on the suggested test development methodology and, in addition,
are thoroughly validated by procedures similar to those used in the
present study, a substantial improvement on the quality of training out-
put could result. It can be anticipated that the major factor producing
a positive impact would be the identification of critical performance
elements., Increased emphasis on critical elements in original training,
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remedial training, and testing should have an impact on trainee ability
to perform critical tasks at their first duty assignment.

AVS tests could also be a valuable addition to the materials sup-
porting individual training in units. AVS tests can usefully supplement
or replace HO pretesting and posttesting to determine qualification on
Soldiers Manual tasks. A considerable share of the Tank Crewman Gunnery
Skills Test (TCGST) could also be covered by AVS tests.

In high-density MOS, the slide-tape format and group testing should
continue to provide the most effective media for use in units. In low-
density MOS, or for iandividualized instructional systems such as TEC, it
may be advantagecus to develop printed forms of the AVS test, with line-
graphic visuals like those recommended for ITDT materials replacing the
photographs used in the AVS test slides. If the line-graphic visuals are
well prepared, little significant reduction in test validity should re-
sult from this substitution. Printed forms should reduce the load on
unit audiovisual equipment and expenses associated with the reproduction
and maintenance of slide-tape materials. The relative advantages and
disadvantages of simulated testing with line-graphic visuals should be
compared to the slide-tape medium in future reseaxch.
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APPENDIX A. AVS TEST (LONG FORM) ON REMOVAL, DISASSEMBLY, ASSEMBLY, AND
INSTALLATION OF THE 105MM MAIN GUN (MG8) BREECHBLOCK MECHANISM

+

TEST DIRECTIONS

Good (morning/afternoon) men:
1 am with the United States Army Research Institute located here at
Ft Knox, Kentucky. This morning/afternoon you have been selected to
participate in a research project that involves the development and
use of simulated performance test to assess job task performance.
Specifically what we &are interestoed in finding out from this research,
is how well you can perform on an audio-visual (slide) test about the
machine gun as compared to how well you can perform on the actual
equipment in a hands-on test. The AV-Slide test you will be given
here today involves the M-68 (105mm) Main Gun Breechblock tasks of ré-
moval, disassembly, assembly and installation. The test will take approx;
imately 30 minutes to complete, but before we start I want you to
print your name and unit at the top right hand corner of the answer
sheet in the space provided. (Pause) ,
During the next five minutes you will be instructed on how to
take the AV-Slide test on the machinegun. After these instructions
are finished, you will be given the opporturniity to ask any question
you might have about the test before we begin testing. Now listen up

and pay close attention to what you are being asked to do. (Start program)

After Instructions:

1. Answer all questions. After doing so, tell them to answer

the questions as quickly as they can so that they will not miss the

next question.

2. MNotivate them to try their best.

41

!




b

A ey o

"After Test:

1. Collect al} answer sheets,

2. Hand dut the training Questionnaire and ask

tham to complete
them as best us they can.

In trs remurks column,
what they thought cf the test.
it or didn'

have them write down

i.e., Was it hard or easy, liked
t like it, was good or bad, etc.

BB e

I
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Main Gun Breechblock Nechanism
Test Directions

In the breecholock test you are about to take, you wall be shown
a slide and then asked a question. The number of the question is shown
in the display in front of you. The questions you will be asked will
be of three types:

What part would you take action on?,

Wrat action would yonu taks?, or

What picture shows the result of that action?
Sometimes you will also be asked about the correct location for a part.
Possible answers to the questions are the letters A, B, or C shown on
the siides. After gelecting your answer you are to do two things. Firrst,
press the button on the cantrol panel that corresponds to the letter of
your answer. A nuuber will be shown on the right side of the display
when you press the button. Second, press the start/stop buttoan to recofd'
this answer. When you record your answer, the number of the next question
will appear on the left side of the display. °For example, question Number 1:
Which part would you take actior on first to disassemble the M219 machine gun?
“A" shows the barrel and jacket assembly, '"B'' shows the cover, and "C"
shows the charger assembly. Choose A, B, or C, press the corresronding
button and then the start/stop button.

Go ahe,d and record your answer. (Pause)

For this question you shoﬁld have pressed the "A" button and then

the start/stop button. The number "2" should now be shown in the display.
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The next question is Question Number 2: Which action would you take?
A, B, and C show three ways to remove the barrel and jacket assemhly.
Choose A, B, or C, press the button, and thie the start/stnp button.

G; ahead and record your answer. (Pause) The number "3" should now
be shown in the display. In this test, the number on the left of the

display should always be the same as the number of the question you hear

on the tape. If it isn't the same, tell the examiner before you record
any more answers. He will stop the test, and help you to correct the
problem. Now, listen carefully and answer these practice questions.

Question Number 3: Which part would you take action on nuxt? (Pause)
If you selected the letter "B", the cover, your answer was correct.

Question Number 4: Which part would you take action on to remove
the cover? (Pause) the correct answer was "ee,

Question Number S: Which action would you now take on the cover
latch rod? (Paugf) The correct answer was "C". The number 6 should
now be shown in t;; display. Do you have any questions?

In the breechblock test some questions will ask you to choose
two parts or two actions. To answer you should press the button which
tells the part or action that would come first. Record the first ‘
answer by hitting the start/stop button. Then you should press the
button which tells the part or action that woé}d come second. Again,
press the start/stop button to record the soco‘d answer. ,

For example, Question Number 7: What two actions lust‘you take to

remove the guide rod? To do this you would push in on the guide rod to
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compress the spring and then rotate the guide rod clockwise to remove it. i
This requires answer C, and then B. Now to record both answers you should |
press the letter "C", press the start/stop button, then press the letter \
"g", and press the start/stop button again. Do it now. (Pause)
Whenever a question requires two answers, be sure to press start/stop after
the first answer before you press the sccond answer. If you happen to
press both answers by mistake, press the clear button, and then make
your answers. You can also use the clear button to change your answer
to any question, if you have .not yet pressed the start/stop button.
To chln(; your answer, simply press the clear button, and then put in
the answer you wnni.

During the test you will have approximately 5 seconds to record
your answer. After you press the start/stop button, you‘can not change
your answer anymore. If at any time during the test you don't know the
answer to a particular question, press the letter "D" and then the
start/stop button to go on to the next question. If you have any question

about how to take this test, please raise your hand now and the examiner

will help you.
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| APPENDIX B. PERFORMANCE CHECKLIST (LONG FORM) FOR EVALUATING HANDS-ON
TEST PERFORMANCE ON THE 105MM MAIN GUN (M68) BREECHBLOCK

l MECHANISM

TEST: REMOVING ANU DISASSEMBLING BREECISLOCK

NAME CODE TOTAL TIME____
P T L
A 0o o
st TASK_STEPS/ELEMENTS R 0 C
T L v
Nitw S

CHECK SAFETY '
Lift Up on Safety Releass Lever @ T

Lad

@ ZOm=aN>
L

@ - rcnmn

CIIECK BREEQHBLOCK CRANKSTOP
See /Fes]l Position of Cramkstop

o}
@U’

CIECK CIANBER FUR AMMO

Depress Breech Operating Handle Plunger ¢ @
P
]
’
P
]
’

BB OEE

Pull Bac¢k on ilandle and Rotate Completely Down
Lift Up on llandle and Rotato Completcly Porward
See /Feel Chamber for Asmo

Obtain Breschblock Closing Tool (RAM/EXTRACTOR)
Push Extractor(s) Forward with Tool

Replsce Tool in Secure Position

N 0
.‘_‘

-
SR

B
>@? >

O I T QR

REMOVE FIRING PIN ASSEMBLY o
S1ide Retainer Lug Plunger to the Right ®
Push in on Retainer. and Rotate Counterclockwise P
Lift Off Retainer and Separate from Spring "@
Place Parts in Secure Position on Turret Floor P "
Obtain Screwdriver P
Insert Screwdriver in Center of Retractor Guide w @
Pry Retractor Guide Assembly Forward P
Lift Out Piring Pin A
Lift Out Retractor Guide Assembly »
Place Parts in Secure Position on Turret Floor P
Replace Screwdriver in Secure Position P

[+

g‘iaﬁ

"""'l'l-l-l@q-r-i-q
Ll N R N )
» ® P B ® ™ PP EBEERERRN

e
>>>%>>>>

(3]  insmawe evesour scaew "
S Unscrew Eysbolt from Stowed Position Near Gun @

T 2
Screw Syebolt into Center of Breechblock Until Tight P T Q )
Backofi Bysbolt to Align with Breech P o1 M ®

E INSTALL THE CIWIN HOIST
Obtain Chain Hoist P
Connect Chain Heist liook o lieok on Turret Roof s [ 4
Connect Chain Hoist Hook to Eysbolt Screw @
Pull Back on Chain to Keep it Tight 4
Crank Chain Hoist Until Chainm is Tightened 1 4

* Performance elements corresponding to the long form AVS breechblock
- test are numbered.
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R TASK_STIPS/ELEMENTS PT L

RELEASE. ADUSTER TENSION pre
Obtein Spanner Wrench (sand Screwdriver) * P L
Place Spanncr Wrench in lloles un Adjuster @ T

Pull Back on Spanner Wrench and liold

Insert Screwdriver on Adjuster Plunger snd Depress
Let out on Spanner Wrench as Adjuster Retates CCW
Remove Spanner Wreuch (and Screwdriver)

Replace Tools in Secure Position

>
I»

OBSERVATIONS

TO BE DONF BY ASSISTANT

TO BE DONE BY ASSISTANT

1---‘-
q-t
e r ric)r

D] RELEASE BREECHRLOCK CRANKSIOP ®
Obtain Allen Wrench . P
o
[nsert Allen Wreach into Crankstop llole
Push Up and Slide Crunkstop Completely Forward [ 4
Remove Allen Wrench and Secure in Safe Position [ 4

E LOOSEN THE CHAIN o

+ WS
Pull Out on Directional knob and Rotste CW @ O
Pull Out on Chain to Keep it Tight P T LA, R i
Crank  Chain loist until Chain is Slack P T l.“-d' ® ‘

START BREECHBLOCK DOWNWARD MOVEMGNT

» [}
Depress ¥rsech Operating llandle Plunger @ T I.. ]
Pull Mandle Back Until Breechblock Drops P T L _(A) n
Rotate Handle Completely Forward » P T L' n
Crank Chaun Hloist Until Pivet Pim is Free of T-stet () ¢ L(A) (O)
I lll RLMOVE PIVOT PIN @

Reach Under Breech and Push/Pull Out Pin P T L
Place Pivot Pin in Secure Position on Turret Floor ? T k A [ ]

@ LOWER BREECH BLOCK
Crank Chain Hoist Until Breechblock Reaches Cntnix‘o'--

Cover T L A R

Pull Chain ¢o Swing Breechblock Rearward while [ 4 T L A R

Cranking Chain Heiat “F é .

Crank Chain Holst until Breechblock Rests on [ 4 T L @ @ B
Turret Floor |

@ RELEASE THE CIHAINNHOIST
Crank Chain lloist Uatil liook is Loose ir Eyebolt

b
-3
[
>
»
PSSP -

Unhook Chain lloist from Eyebolt Scrow P T L"@ R :
{Place Chain to Left or Right of Main Gun) P T L AR
@ REMOVS EXTRACTORS o u» |
Lift Out and Up on Left or Right Cxtractor @ T L [ ]
Lift Out and Up on Remaining Extractor [ 4 T L@ [ ]
Place Extractors in Secure Pesition on Turret Ploer P T L A [ ]

TINE COMPLETRD
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] TASK STLPS/ELIMINTS L ORSIAVATIONS,
DUISASSLMBLING BRLECHBLOCK
REMWE_FIRENG CONTACT GROUP |
ED RUMVE FIRING CONTACT PLATE 1%
Obtain Screwdriver ve,10 L4 @ I.‘ A R
Insert Screndriver on Plunger and Depress @ T L" R
Rotate Flate Counterclockwise and Lift OFF [4 ) L R
feplace Screwiriver in Secure Pesition 4 T L A (]
Place Plate in Safe Positien en Turret Ploor » T L A (]
[__2] REMOVE FIRING CONTACT PLUNGER
L4 "
Lift Out Plunger Prom Recess @ T L A R 4
Place Flunger in Safe Position on Turret Floer 4 T L A R
E REMOVE FIRING CONTACT WASIER
® ]
Lift OfC Washer from Firing Contact @ T L @ R
Plece Washer in Safe Position on Turret Floor 4 T L A
b o
l 4| REHOVE FIRING CONTACT ~ & o
Lift Out Contact frem Ricess @ T L L} J
Place Contact in Safe Position em Turret Floer ’ T L A ]
E RENOVE F(RING CONTACT SLEEVE * o
Inscrt Finger inte Sleeve and Lift Out OO
Place Sieeve in Safe Pesition on Turret Ploor ’ T L A L}
E REMOVE FIRING CONTACT SPRING i
Obtain Allen Wrench P 4 T L o A R {
Insert Inte Recess and Pull Out Spring @ T L L} |
Place Spring in Safe Positien on Turret Floor LI 3 L A L}
Replace Teol in Secure Pesition (4 T L A R TINE COMPLETED —— ;
REMOVE RETRACTOR DRIVER CROUP
@ REMOVE RETRACTOR DRIVER -
Obtain Allen Wrench ) L4 @ L M A ]
Insert into Screw and Rotate CCW until Loose T L s R
Lift Off Screw-Washer-Clamp and Driver nye« r M @
Place Parts in Safe Position on Turvet Ploor P T L A R
Cﬂ REMOVE RETRACTOR DRIVER SHAFT
w ]
Lift Out Shaft from Recess ORI " !
Place Shaft in Safe Pesition en Turret Floor P T L A R

L)

REMOVE RETRACTOR “RIVER SPRING P ool %

Insert Allen Wrench into Recess and Pull Out Spring @
Place Spring in Safe Position en Turret Ploor L4
Replace Allen Wrench in Secure Pesition 4
TINE CONPLETED

B N
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VIST:  ASSEMMLENG AND INSTALLING THE BA2RLiStLACK
.

LY con TOTAL YO8
roor L A ]
A0 o ¢ [ ]
b1 TASK JTprs/Lit L} ] € A 4 ] UWBSRAVAT IONS
LIV} TASE SURPS/LILMENTY S - HReRRvVATIOND
L1 ] $E ¢ L
1ASTALL MTRACTOR Dmivia GH® e
m INSTALL ATIRACT. & DRIVIR AR NG ..‘ a
Plch Vp Spring fvem Parts on Turret Ploor @ T 3 3 @ A [ ]
Insert Spring iate feconn ’ 4 @ a
1
I Z l INSTALL RETRACIR DRIVER SiAPT s . -
Pich Up Shelt frem Parts on Tveet Pleor @ T . » A [ ]
tnsert Sten of Shoft inte Spring in Sesess L L @ [ §

m ASSIMBLA LUCKWASHER AND SCREW Y
Pich Np Lockvasher ond Allen Serew
insert Lochvasher onte Allon Screw

~-©
-
-
»
»

m INSTALL REFRACTOR DRIVLR I
Piek up Driver frem Parts on Turret Ploor @ T L ’ A R
Place Base of Driver on Shaft ond Lower in Pesitien P T @ [ ]

E INSTALL RETAACTOR BRIVER CLAO

Pick up Clamp frem Parts oa Turret Ploer '@ T oL oA
Place Claup onte Briver with tuusle Ind Towards [ )
Face of Breech | 2 | L A

B] INSTALL LOCKUASISA AMD SCREW
::ln fole fa Droschblioct wi'h Mele ia Driver and
-y

P Y L a @
Tnsert Screv ond Wond Tighten ZY UL
Oain Allen Vroneh v @ b A ®
Insert Inte Scrov and Tightea Securely | I 4 [} @ [ ]
Replace Tool in Sorure Porition P T L A @ maconue
NST RING cae
m INSTALL FIRING CONTACT SPAING a
) Pick Up Spring frem Parts on Turret Pleer @ tu L A &

Insort Spring inte Recess P v LI}

Q] INSTALL PIRING CONTACT SLBFVE %
Pich Up Sioeve frem Parts on Turret Plosr ® ratigs 2
1asert nte Rocoss with Open-8nd Up AR N0) ®

3] e i comace » i
Piek wp Contact frem Faras oe Turret Ploor ® by A R
Insert Inte Sieeve with Larger Tip-Bnd Up P T L (] =

E INSTALL PIRING CONTACT WASIER
Pich Up Nashor frem Parts on Tweret Plose T
Insert Over Tep of Piring Contect

\J
-y
(3
©-

INSTALL PIRING CONTACT PLUNGIR
Pich Up Plunger fyem Parts on Tueret Ploee LI T+
Insert inte Speing with Tip-0nd Wy

>
e

m INSTALL PIRING CONTACT PLATS »
Pich Up Plate frew Torret Plooe @ T oigA o
Align Artew en Plate vith Arvew on Dresshblock P v b%
Push Plete Bown onte Components ond fotate Pully 8 P T L

S0
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INSTALL BRCECHBLOCK

G

(]

bl [

TASK STEPS/ELEMENTS r T
INSTALL EXTRACTORS "

Pick Up Extractors from Parts on Turret Floor ® T

Insert Left or Right Extractor onto Pivots in N

dreech Ring @ T

Insert Remaining Extractor onto Pivot ia Breech Ring P T
INSTALL THE CHAIN HOIST

Connect Chain lioist liook to Eyebolt Sciow in

Brecechblock P T

Pull Out on Chain Hoist Direction Knod and

Rotate CCN W P T

Pull Back on Loose Chaim to Keep It Tight ® r

Crank Chain lloist Until Chzin is Tight P T
RATSE THE BREECHBLOCK INTO BREECH RING

Crank Chain Hoist While Keeping Chain Straight P T

Guide Breechblock over Contreller Cover L4 T

Guide Breechblock into Breech Ring P T

Stop Cranking Chain Hoist when Breechblock Contacts

Plungers T
DEPRESS TIlE PLUNGERS @

Obtain a Screwdriver P @

Depress Left or Right Plunger while Cranking “

Chain Hoist ® 1

Depress Remaining Plunger while Cranking Chain lioist P T

Replace the Screwdriver in Safe Position P T
RAISE TUE BREECHBLOCK

Crank Chain lioist Two Clicks and Stop P T
INSTALL PIVOT PIN

Pick Up Pivot Pin from Parts on Turret Floor @ T

Insert Pin Midway into Breechblock Crank P T
RAISE BREECHBLOCK CRANK PIVOT INTO T-SLOT

Crank Chain Hoist while Guiding Pivot into Breech-Si¥2

block T-Slot @ T

Stop Cranking Chain lolst whemn Breechblock Contacts .

Tip of Bxtracters
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TASK SILFS/LLIMNTS

TRIP EATRVTORS
Obtain & Sceewdriver

Fush Forward on Left or Right Extractor while

vranking Chain Hoist

Fush Forvard on Remalning Extracter while Cranking

Chain Hnist
Replace Screwdriver in Sale Pesition

RALSL SREECHALOCK TO CLOSED POSITION

(R ]

’
14
o
v
’

-

Cronk Choin Holst until Breschblock Aliga with Teop @ )

Edges of Bresch

CLOSE BREECH BLACK CRANKSTOP

Reach Under and Siide Crankstop Compiotely Resrverd @ T

APPLY TENSION TO ADJUSTER
Pich Up Spanner Wremch
Inscrt Weench fnto Slots en Adjuster

Full Back on Adjuster until Plunger enters First

Recess
Remove Wrench ond Place in Secure Pesition

LONSEN THE CHALN
Pull Out on Directional Kneb and Retete CW
Pull Out on Chain te Keep It Tight
Cronk Chain lioist until Chaia i Sisch

REMWL CHAIN HOIST

Disconnect Chain Hoist Heok frem Eyshelt Screw
Discennect Chatn Hoist Hook from Hook en Turret Reef P

Replace Chain Hoist in Secure Pesitien
REMOVE EYEBOLT SCREW

Unscrew Eyedolt frem Sreechbleck

Screw Eysbolt inte Stow Pesition Uatil Tight

INSTALL PIRING PIN ASSENBLY

“0

"9

*®

ﬂ(:)

Pick Up Retracter Guide Assembly frem Parts ea .}3

Turret Floer

Insert Guide with Slot Up until Flush with Piring

Pin Well

L4

Pick Up Firing Pin, Spring and Retsimer frem Turret

Floor
Insert Firing Pin into Firing Pin Well

Twist Spring into Grooves on Backside of Retsiner

o

Insert inte Firing Pin Well and align Retainer with

Slots

Slide Plunger te Right and Push Retainer inte firing

Pin Well
Tuisat Retsiner C¥ Until It Locks in Pesition

CHECK BREFCHELOCK INSTALLATION
Pepress Brecch Dparating Hendle Plunger

"e ®

Pull dick oa iiandle and Rotate Covpletely Down
Lift Up oa fandie and Retate Conpletely Porverd
Obtaln Breochbiock Closing Toel (RAWERTRACTOR)

Push Batrector(s) Forvard with Teel
Reploce Tool in Secure Position
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APPENDIX C. TRAINING QUESTIONNAIRE ON THE 105MM MAIN GUN (M68)
BREECHBLOCK MECHANISM

. In OSUT, you have learned how to perform four tasks on the main gun {
breechblock: (1) Removal; (2) Disassembly; (3) Assembly; and (4) Installation.

We would like to know how much training or practice you have gotten on

these tasks.

1. liow many times did you do the task yourself?

TASK Circle ONE number for each task. Write in number if greater than 4.
Remove 0 1 2
Dissassemble 0 1 2
Assemble 0 1 2
Install 0 1 2

2. How many times did you watch another trainee doing the task?

TASK Circle ONE number for each task. Write in number if greater than 4.
Remove 0 1
Dissassemble 0 1
Assemble 0 1
Install 0 1

3. liow many times did you watch an instructor doing the task to show you how?

TASK Circle ONE number for each task. Write in number if greater than 4.
Remove 0 2 3

Dissassemble 0
Assemble 0
Install 0

NN

[P N7 R7 N7 ] L

o oL bh &L odh
LR R AR e e e AR KA RN

LR R N N

2 3
2 3
2 3

Pt Pt Pt Pt

4. How much time did you spend on your own studying these tasks in the
technical manual?

0 1 2 3 4 hours

S. Did you see a TV demonstration of these tasks? YES NO

It TV ¢ P A

6. llow many times did you see the TV demonstration? _
1 2 3 4 Write in number if greater than 4.

Ly T

Remarks:

CODE NUMBER
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APPENDIX D. RELATIONSHIPS BETWEEN AVS TEST (LONG FORM) PERFORMANCE
AND HO PERFORMANCES

Table D-1

Relationship Between AVS Test (Long Form) Performance
and Subsequent HO Test Performance for the 105mm
Main Gun (M68) Breechblock Tasks

HO Test Performance

Group A Group B Both

Task Fail Pass Fail Pass Fail Pass
Removal

AVS Pass 0 9 3 6 3 15

Borderline 4 7 3 6 7 13

AVS Fail 7 3 4 4 11 7
Disassembly

AVS Pass 1 0 26 1 22 1 48

Borderline 0 4 0 3 0 7

AVS Fail c 0 0 0 0 0
Assembly

AVS Pass 1 1 3 4 12 2 15

Borderline 6 6 3 6 9 12

AVS Fail 11 1 1 2 15 3
Installationz

AVS Pass 1 1 14 1 12 2 26

Borderline 3 6 1 6 4 12

AVS Fail 3 1 2 6 S 7

4 One AVS test error in Borderline Group.
2 Excludes skill element from scoring.
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Table D=2

Relationship Between AVS (Long Form) and HO Test

Performance Including or Excluding a Skill Element

from Scoring the 105mm Main Gun (M68) Breechblock
Installation Task

HO Test Performance

Group A Group B Roth
Task Fail Pass Fail Pass Fail Pass

Skill Element Included

Installation
AVS Pass 9 6 4 7 13 13
Borderlinel 3 0 2 5 7 5
AVS Fail 3 S 6 4 9 9
Skill Elemenc¢ Excluded
Installation
AVS Pass 1 14 1 12 2 26
Borderlinel 3 1 2 6 5 7
AVS Fail 4 6 1 6 4 12
1

One AVS test error in Borderline Group
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Table D=3

Relationship Between HO Test Performance and Prior AVS
or KO Test Performance for the 105mm Main Gun (M68)
Broechblock Tasks

HO Test Performance

Group A Group B

Task Fail Pass Fail Pass
Removal .

AVS Pass 0 9 HO Pass 5 8

AVS PFail 11 10 HO Fail 5 8
Disasseably

AVS Pass 0 26 HO Pass 1 22

AVS PFail 0 4 HO Fail 0 3
Assembly

AVS Pass 1 3 HO Pass 2 10

AVS Fail 17 7 HO Pail 6 10
Installationl

AVS Pass 1 14 HO Pass 1 16

AVS PFail 6 7 HO Fail 3 8
1

Excluding skill element from scoring.
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APPENDIX E. AVERAGE FREQUENCY OF VARIOUS YYPES OF PPACTICE REPORTED FOR
105MM MAIN GUN (M68) BREECHBLOCK TASKS, RELATED TO PERFORMANCE

Table E-1

Average Frequencyl of Various Types of Practice Reported
for 105mm Main Gun (M68) Breechblock Tasks, Related
to HO Performance Without Prior AVS Test

HO Performance with No Prior AVS Test !
2 1

Task and Type of Practice Pass Fail z
Removal ns=13 ne=13 3
Hands-on practice 2.15 1.77 2.15
Trainee observation 3.23 3.23 c.70 N
Instructor observation 1.23 1.46 -0.66 I
Total observation 6.69 6.46 0.63
D.sassembly n=23 n=3 -
llands-on practice 2.00 1.67 0.68 e
Trainee observation 3.04 4.67 -0.08
Instructor observation 1,39 1.33 0.30
Total observation 6.43 7.67 0.25
Assembly n=12 n=16
llands-on practice 2.00 1.44 1.35
Trainee observation 3.17 2.88 0.41 i
Instructor observation 1.58 1.06 1.25
Total practice 6.75 5.38 1.28 )
Installation n=17 n=11 {
Hands-on practice 1.82 1.45 1,22 !
Trainee observation 3.24 2.64 1.08
Instructor observation 1.41 1.09 0.70
Total practice 6.47 5.18 1.08

! Mean values.
2 Value of large sample Mann-Whitney U-test statistic. !

$ Significant with p <.0S.
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Table k-2

Average l-‘rcqucncy1 of Various Typues of Practice Reported
for :105mm Main Gun (M68) Breechblock Tasks,
Related to HO Performance Aftexr AVS Test

HO Performance

Task and Type of Practice Pass Fail zz
Removai ne 3 ns2l
Hands-on practice 2.15 1.90 0.88
Trainee observation 3.03 3.00 0.69
Instructor observation 1.09 ''76 -2.14
Total Practice 6.38 -0.57
Disassembly n= 54 ns=1\ z‘
llands-on practice 2.04 3.00 --
Trainee Observation 3.00 4.00 --
Instructor observation 1.33 2.00 --
Total practice 6.44 9.00 --
Assembly n=30 n = 26
Hands-on practice 1.70 1.69 0.14
Trainee observation 3.03 2.84 1.27
Instructor observation 1.17 1.35 -0.29
Total practice 5.90 5.88 0.85
Installation n= 28 ns=28
HHands-on practice 1.84 1.09 2.66
Trainee observation 3.09 2.36 1.63
Instructor observation 1.29 1.09 0.46
Total practice 6.22 4.55 2.18

Mean values.

Value of large sample Mann-Whitney U-test statistic.
Significant with p <.05.

Not computed because of imbalance in Pass-Fail group sizes.
Significant with p <.0l.
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Table E-3

Average Ptoquencyl of vVarious Types of Practice Reported
for 105mm Main Gun (M68) Related to Performance
on the AVS Test

AVS Performance

Task and Type of Practice Pass Fail z2 ]
Removal : ns=17 ns= 38
Hands-on practice 2.12 2.03 0.62
Trainee observation 3.35 2.97 0.283
Instructor observation 0.76 1.61 -2.92
Total practice 6.24 6.61 -0.62
Disassembly n=49 n= 6
Hands-on practice 2.06 2.00 0.03
Trainee observation 3.08 3.17 -0.76
Instructor observation 1.29 1.83 -0.96
Total practice 6.43 7.00 -0.61
Assembly ns=17 n=39 l
Hands-on practice 1.47 1.79 -1.20 !
Trainee observation 2.71 3.08 -0.48
Instructor observation 1.00 1.36 -1.26
Total practice 5.18 6.21 -0.77
Installation ne=28 n= 28 t
Hands-on practice 1.82 1.57 1.15 i
Traineo observation 2.96 2.93 1.15 {
Instructor observation 1.39 1.11 1.63 }

Total practice 6.18 5.61 1.78

: Mean values.
: Value of large sampie Mann-Nhitney U-test statistic.

\ Significant with p <.0l.
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APPENDIX F. METHODOLOGY FOR DEVELOPMENT OF AUDIOVI1SUAL SIMULATED
PERFORMANCE TESTS

An outline of the suggested AVS Test Mcthodology is presented
in Figure F-1. Each of the nine major tasks and requirements necessary
to perform each task is described below.
TASK 1: CONDUCT BEHAVIORAL TASK ANALYSIS

The first task to be accomplished in developing an audio-visual
simulated performance test for a given job task is to correctly
identify the task procedure and behaviors required to perform the
job task. Job description data such as that presented in individual
Soldiers Manuals (SMs), Skill Qualification Tests (SQTs), Field Manuals
(FMs), Technical Manuals (TMs), and Training Extension Course (TECs)
lessons are primary resource materials to be used when conducing this

particular analysis. Task analysis documentation may also be available

from prior instructional system development efforts. In addition,

instructor lesson plans and evaluator checklist materials should be

reviewed to help define the job task requirements. ’
All of these source materials merely procide a starting point

for the behavioral analysis. Comparison of any two sources will usually ;

reveal that the task procedures outlined are inconsistent, inaccurate,

incomplete, or insufficiently detailed. The main objective of the

analysis at this stage should be to resolve discrepancies among sources,

and to further develop the procedural description to the level of task

detail required. !
As a working hypothesis in conducting the analysis (at least for

machine-dependent tasks), each distinct part, control or display that

plays some part in the performance should be considered to require

a separate behavior step at each occasion of its involvement. This
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{ TASK 1: CONDUCT BLCHAVIORAL TASK ANALYSIS

% . Collect job task description u..ca

’ Identify task procedural requirements
. . Identify task behavior requirements

TASK 2: DEVELOP PERFORMANCE CHECKLIST
Format the performance checklist
Specify steps in task procedure
Specify behaviors in task steps

— TASK 3: CONTENT VALIDATE PERFORMANCE CHECKLIST
Conduct on-site data collection
Analyze task behavior data
Review task analyses data with SMEs
Finalize performance checklist

TASK 4: IDENTIFY CRITICAL TASK BEHAVIORS
Identify critical safety behaviors
Identify critical equipment behaviors
Identify critical task outcome behaviprs

TASK S: DEVELOP PICTORIAL PAPER-AND-PENCIL TEST MATERIALS
. Contruct multiple choice test questions
Select pictorial multiple choice alternatives
Structure total task test for continuity
Prepare data collection instrument

TASK 6: PILOT-TEST PICTORIAL PAPER-AND-PENCIL TEST
. Design test plan
. Administer pictorial test
v . Revise test materials
Finalize pictorial test

TASK 7: DEVELOP SLIDE TEST MATERIALS
Photograph task behavior requirements
Paste-up prints for slide
Prepare 35mm color slides

TASK 8: DEVELOP AUDIO TEST MATERIALS
Record test directions and practice test
Record multiple choice test questions
Synchronize sound with slide test

' TASK 9: PILOT TEST AV-SLIDE TEST MATERIALS.
. Design test plan
. Administer AV-Slide test
. Analyze test data
. Revise test materials
. Pinaiize AV-Slide test

Figure F-1 METHODOLOGY FOR DEVELOPMENT OF AUDIO-VISUAL SIMUIATED
* PERFORMANCE TESTS
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level of detail will not usually be explicity represented in uny existing
proccdural outline. It must be developed by clearly visualizing the
process of performance in real-time temporal sequence. The procedures

that are identified by this method should represent a sequence of
behavioral steps ensuring near-optimal efficiency in performance of the
tash, while minimizing risks of task failure and safety hazards. With
respect to each step, a tentative list of performance clements (part, tool,
location, action or result) involved in the steps should also be developed.

Careful identification of each behavioral step and associated elements

will provide the data base essential for simulated performance test development.

TASK 2: DEVELOP PERFORMANCE CHECKLIST

The task procedure, behaviors, and elements identified in Task 1
define the specific performance requirements to be included in a checklist
for hands-on evaiuation. The requirement of Task 2 is to transcribe
this information onto a useable format. This can be accomplished by
listing the major segments of the job task procedure at the left margin
of a paper and then listing each of the behavioral step required to carry
out the procedure underneath and indented approximately five spaces to
the right. In front of each procedure a box can be drawn for recording
the sequence in which the segments of the task procedure are actually
performed. At the right margin of the paper and across from each behavior
within a procedural step, the letters P, T, L, A, R are to be recorded.
A space should be left between the letters for later identification

(circling) of critical performance elements. An example of a performance

checklist is shown in Appendix p.
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TASK 3: CONTENT VALIDATE PERFORMANCE CHECKLIST

The next task to be accomplished in developing a simulated
performance test is to content validace the &nalysis developed from
the job description data (Task 1). Several on-site visits should te
made to observe and record actual performance of the job task
requirement during both training and testing. From practical experience,
approximately twenty such observations using the performance checklist
would be sufficient to become task knowledgeable. The data collected
during these visits should be analyzed to identify the trainee
performance errors and hchaviors most difficult to perform. The task
analyst should also thoroughly master performance of the task by
direct practice following the procedure currently taught in the
institution or on the job. Based on observations and direct ex-
perience in performing the task, some differences between official
task documentation sources, optimal procedures, and current training
or testing procedures may emerge. These differences should be
documented with reference to the relevant sources of data in publications,
analyses, or observations. The performance checklist should then
be revised to conform to current training practices. The test to be
uitimately developed must match the training actually given to achieve
content validity.

Approximutely five subject matter experts (SMEs) should be
selected to serve as an advisory committee to review the revised
performance checklist and to evaluate the twenty records of task

performance. Any errors detected in the checklist or differences of
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opinion expressed by the committee should be thoroughly discussed
with errors corrected and suggested changes recorded for possible
addition to the checklist. Where necessary, the task analyst should
demonstrate alternative procedures under observation of the SMEs

to clarify discrepancies requiring resolution. In some cases the
SMEs may agree in recommending one proccdure, while a different
procedure is presented in training. ‘Issues of this kind may have

to be brought to the attention of authorities responsible for
training, to be resolved before test development can proceed.

TASK 4: IDENTIFY CRITICAL TASK BENAVIORS
This step in the suggested test development methodology should

be performed first by the individual test developer and then jointly
with the assistance and expertise of the SMEs used during Task 3.

In both cases, a task behavior is required to meet at least one of
the following three criteria in order to be identified as critical

for successful task performance:

1. Injury to personnel may result if the task behavior is

omitted, performed out of sequence, or performed incorrectly.

2. Damage or malfunctioning of equipment may result if the task

behavior is omitted, performed out of sequence, or performed incorrectly.

3. Failure to achieve task outcome within the standards specified

may result if the task behavior is omitted, performed out of sequence,
or performed incorrectly. That is, occurrence of such an error should
have a direct impact on the chances of completing the task within
standards, acting to substantially reduce the probability of passing

a HO test. 67
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The third criterion is the most difficult to apply in practice,
requiring considerable judgment by the analyst and SMEs. Behaviors
should not be considered noncritical simply because they are easy
to perform and have a low probatility of error. If the consequences
of an error would seriously jeopardize the successful completion of
the task, the behaviors should b; regarded as critical, however
improbable the error on that step.

On the other hand, behaviors should not be regarded as critical

simply because it is difficult, involving a high degree of motor S

" control or skill, or a high probability of error. If an error provides f
immediate and obvious feedback giving adequate notivation of the occurrence |
of the error, or the step cannot be bypassed without error correction,
and error correction is easy and rapid based on the feedback, the ultimate
consequence of the error will probably not be serious. In such
cases, the examinee will correct his error and performance will proceed
after a slight delay. Where there is little obvious feedback, so that
the step can be bypassed, and it is difficult to recover from the error,
the consequences are likely to be serious.

Task conditions and standards should be examined carefully for
clues to critical behaviors. For example, high skill items will
often be critical in tasks with stringent time standards, since
lack of skill will generally result in losses of time that cannot

be tolerated.
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Once any of the task behaviors for a given job requirement meet
one or more of these three criteria, they should bec identified as
critical and circled on.the performance checklist for easy recognition.
Although all items on the checklist are to be checked when observed,
only those which have been identified as critical will be compared
with AVS test performance in subsequent test validation efforts.

TASK S: DEVELOP PICTORIAL PAPER-AND-PENCIL TEST MATERIALS

Three steps are involved in accomplishing this task. First,

a three alternative multiple choice test question must be constructed for
each of the critical behaviors identified in Task 4. This should be
done using a paper-and-pencil format with pictorial representations

of each multiple choice alternative substituted for the verbal
identifiers. Selection of the three pictorial choices for a critical
task behavior should be based on the likelihood of their being chosen

as the correct answer in task performance. Specific reference to the
hands-on performance data collected in Task 1 and the content validation
effort conducted in Task 2 should provide the necessary insights to
make these selections. As for the pictures themselves, they should

be taken using an instant print camera with black-and-white film,

and "shot" from the perspective or point of view of the person required
to perform the task. By following this method, the test developer

can continue to take pictures until he is completely satisfied that

he has captured the desired result. After all desired pictures have

69

R

" S, il

R Y T



becn taken, arrows should then be addcd to each photograph to illustrate
any action or highlight any location or part not immediately
identifiable from the picturev alone. Print size should be sufficicnt
to rctain necessary visual details after photographic reproduction
in Task 7. Test questions should then be written which are specific
and avoid unnecessary reference to equipment romenclaturc.

Second, a sense of task continuity is to be maintained in the
test by including questions on all major performance segments that
constitute the total task. This should be done by selecting several
task behaviors that bridge the gaps between the critical task behaviors.
As a ruie of thumb, at least one question should be constructed for
each alternate behavioral step in the procedure. Steps omitted can
be mentioned in the question stem for the following item. A complete
part, action, and result question sequence should be prepared
when omission of elements might lead to confusion about the sequence
being followed. Task behaviors selected for the test should be
constxucted in the same manner and format as were the critical task
behaviors, so that the critical items are not superf’cially dis-
tinguishable from noncritical items.

The third and final step in this task is to develop a paper-and-
pencil data collection instrument for recording trainee test responses.

A consecutive numbering scheme with the letters A, B, C, and D listed
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directly across from each number with sufficient space to circle their
choice should be adequate. The first three letters (A, B, C) would
be used by the trainee to identify his choice of answer from those
available in the multiple choice question, while the letter D would
be used by the trainee to record a "don't know" response. In
preparing the data collection form, sufficient space should be left
available for recording administrative information such as name,
rank, company, test date, performance scores, etc. The particular
format of the instrument is dictated by the task requirement and is
left up to the creative skills of the test developer. For an example,
refer to Appendix B.
TASK 6: PILOT-TEST PICTORIAL PAPER-AND-PENCIL TEST

Using the test materials developed in Task 5, the next task is
to pilot-test the pictorial paper-and-pencil multiple choice test.
Approximately ten trained and untrained personnel randomly selected
from the test population should be given the test individually.
Trainces not completely trained on the job task requirement should
not be included in the sample of trained personnel to be selected., When
an trained person makes an error, he should be asked to explain his
choice, and his responses should be recorded for later review. In
a similar fashion, untrained individuals should be asked about
correct choices. After all testing has been completed and the

results tabulated, analyze the data and make whatever modifications
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and revisions considered necessary to improve the test. Statistical
techniques recommended by Swezy and Pearlstein 11975) should be used

to process item data. A general rule of thumb, a test is considered
acceptable it trained personnel do better than untrained personnel

on each test qucstion. If this is not the case, revisc the question(s)
and conduct a sccond pilot-test to include the revisions. Critical

items should undergo the most rigorous scrutiny in this process.

The cycle of test, revise, and retest is to be repcated as often
as necessary until the finalized verison of the test meets the
acceptability criteria.
TASK 7: DEVELOP SLIDE TEST MATERIALS

This task in the test development methodology requires the
professional assistance of a skilled photographer and a training aid
developer. With the assistance of a photographer each pictorial
alternative "shot" in the finalized version of the paper-and-pencil
test can now be professionally photographed. Make certain that any
picture which is not of an acceptable quality because of lighting,
contrast, angle, etc. is "reshot" until a quality black and white
print is produced. With the assistance of the training aid developer,
these prints should then be crimped at each corner and arrows added
as necessary to illustrate actions or highlight a location or part
not clearly identifiable. When this task is finished, the prints

should then be pasted onto (15 x 20 inch) colored background material
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for photographing. Make certain that the location of cach print is
exactly the same as pictured in the original paper-and-pencil test.
Using Leroy or rub-on lettering, identify each multiple-choice
alternative. Each letter should be about one inch high, capitalized
and centered one inch below each print. The next and final step
in this process is to have the photographer prepare at least three
35mm color slides of each test question. Twu complete sets of the
slide test questions can be used for piloting and validating the
test while the third test set remains available for making duplicate
copies.
TASK 8: PREPARE AUDIO-TAPE TEST MATERIALS

To accomplish this task, record the test questions developed
during Task S onto one side of a thirty, sixty or ninety minute audio
cassette tape. Again, use whatever professional services are available
to produce these tapes. In most cases, these audio tape recordings
can be synchronized with the slides developed in Task 7, and the entire
test programmed to operate automatically. If test directions anu
practice test questions are to be used to familiarize the trainees
with the testing procedure and equipment, they too should be professionally
developed and recorded. In both the practice and actual test, allow
approxinately ten seconds for the trainee to respond between questions.

More precise time allocations can be made later based on the results

of the initial AVS pilot test.
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TASK 9: PILOT-TEST THE AVS TEST

The accemplishment of this task parallels the performance require-
ments specified to accomplish Tusk 6. The only exception here is that
the test shculd be administered to a group of ten trained and ten
untrained personnel from the test population in addition to the
individual test administrations. Tryout of group testing provides
32 check on the adequacy of tcst directions and administrative
procedures :n the group instruction. Uata collected and tabulated
for both the individual and group performance testing should be
analyzed separately, but the results used collectively to determine
the need for additional revisiuon and retesting. As before, more
trained than untrained personnel must pass each critical test
question in order for the AVS test to be considcfed acceptable.
Since testing of highly similar materials has already taken place

during Task 6 only minor modifications, if any, should be anticipated.
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APPENDIX G. AVS TEST (SHORT FORM) YOR PEKFORMANCE OF 105MM MAIN GUN
(M68) BREECHBLOCK TASKS

TEST DIRECTIONS
Good (mornii g/afternoon) men:

I am with the United States Army Research Institute located here at
Ft Knox, Kentucky. This (morning/afternoon) you have been selected to
participate in a research project that involves the development and
use of a simulated performance test to assess job task performance.
Specifically, what we are interested in finding out from this research
is how well you can perform on an audio-visual (slide) test about the
main gun breechblock as compared to how well you can perform on the
actual equipment in a hands-un test. The AV-Slide test you will be
given here today involves the M68 (10Smm) Main Gun Breechblock tasks
of removal, disassembly, assembly and installation. The test will
take approximately 30 minutes to complete, but before we start I
want you to print your name and unit at the top right hand corner
of the answer sheet in the space provided. (Pause)

During the next five minutes you will be instructed on how to
take the AV-Slide test on the breechblock. After these instructions
are finished, you will be given the opportunity to ask any question
you might have about the test before we begin testing. Now listen
up and pay close attention to what you are being asked to do.

(Start program)

After Instructions:

1. Answer all questions. After doing so, tell them to answer
the questions as quickly as they car so that they will not miss the

next question.

2. Motivate them to try their best.
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After Test:

1. Collect all answer sheets.

2. Hand out the training questionnaire and ask them to complete
them as best as they can. In the remarks colummn, have them write down
what they thought of the test, i.e., was it haxrd or easy, did you

like it or not, wat it a good test or bad, etc.

76



e —— e ——

MAIN GUN BREECHBLOCK TEST

Test Directions

In the breechblock test you are about to take, you will be shown
a slide and then asked a question. The number of the question will
always be presented prior to each question. The questions you will
be asked will be of three types:

What part would you take action on?

What action would you take?, or

What picture shows the result of that action?

Possible answers to the questions are the letters A, B, or C shown on

the slides. After selecting your answer you are to do two things: First,
find the number on the answer sheet that corresponds to the nunbe* of

the question being asked. Second, circle the letter on the answer

sheet that corresponds to your answer. To demonstrate how the breechblock
test is set up, we have put together a series of practice questions on

the M219 machine gun.

For example, Practice Question Number 1. Which part would you take
action on first to disassemble the M219 machine gun? "A" shows the
barrel and jacket assembly, "B" shows the cover, and "C" shows the
charger assembly. Choose A, B, or C, find the number 1 under "Practice
Questions" on the answer sheet, and then circle your answer. If you
don't know, circle the letter D. Go ashead and record your answer.

vor this question you should have circled the letter A" opposite

the number 1 under practice questions.
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Practice Question Number 2. Which action would you take to
remove the barrel and jacket assembly? A, B, and C show three possible
ways to remove the barrel and jacket assembly. Choose A, B, or C,
find the number of the practice question on the Answer sheet and then
circle your answer. Again, if you don't know the answer to the
question, circle the letter D. Go ahead and record your answer. (Pausc)
For this quostion the letter C was correct.

Now listen carefully and answer the remaining practice questions.
Practice Question Number 3. After removing the barrel and jacket
assembly which part would you take action on next?! (Pause) If you
circled the letter "B" the cover, your answer was correct.

Practice Question Number 4. Which part would you take action on
to remove the cover? (Pause) The correct answer here was "C".

Practice Question Number S. Which action would you take on the
cover latch rod to remove the cover? (Pause) The correct answer here
was "C",

In the breechblock test you are about to take, some questions will
ask you to choose two parts or two actions. To record your answer
you should simply circle the two letters that correspond to your answers.
For example, Practice Question Number 6. What Egg..ctions would you
take to remove the right guide rod and spring? To do this you would
push in on the guide rod to compress the spring (the letter "C'") and then

rotate the guide rod counteirclockwise (the letter "A') to remove it.
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Both the letter "A" and the letter "C'" shouid be circled on the answer
sheet. Go ahead and record these answers. (Pause)

During the test you will have {pproxinately S seconds to record
your answer. If at any time during the test you don't know the answer
to a particular question or you do not have enough time to respond,
circle the letter "D" and go on to the next question.

If you have any question now about how to take this test, please

raise your hand and the examiner will help you.
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I Paper and Pencil Copy

MAIN GUN BREECHBLOCK TEST QUESTIONS

| 1. Before you begin to remove and disassemble the breechblock, which part
would you check out first?

*a., Main gun safety lever
b. Adjuster
¢. Breechblock crankstop

2. Which piccure shows the main gun safety in the safe position?

a. Safety lever's < rward (up)
*b. Safety lever is rearward (down)
c.

3. Which part would you check out next?

a. Main gun safety lever
b. Adjuster
*c. Breechblock crankstop

4. Which picture shows the crankstop in the correct position?

*a. Crankstop is rearward (up)
b. Crankstop is forward (down)
c.

S. Which part would you take action on to complete the safety checks?

a. Safety release lever
*b. Breech operating handle
¢. Erebolt screw

6. With the safety checks completed which part would you take action on
next?

a. Breech operating handleﬁ
= b. Eyebolt screw receptable ' {
*c. Firing pin assembly .

~ 7. After remvoing the firing pin assembiy, which part would you take \
action on next? -

a. Breech operating handle
b. Firing pin well
*c. Eyebolt screw

» -
Indicates correct answer.
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8. Aftor hooking the chain to the turret roof and eyebolt screw; which
picture shows how tight you would crank the chainhoist?

*a, Tight
b. Luose
¢. Moderately tight

9. With the chain tight, which part would you take action on next?

a. Breechblock crankstop
*b. Adjuster
¢. Chain hoist crank

10. Which action would you take first to release spring tension on the
adjuster?

a. Push forward
b. Depress plunger
*c. Pull rearward

11. With. the adjuster tension released, which part would you take action
on next? '

a. Manual elevation handle
b. Chain hoist crank
*c. Breechblock crankstop

12. Which of these pictures shows the result of that action?

a. Crankstop is rearward (up)
*b Crankstop is forward (down)
c-

13. After reversing the direction of the chainhoist, which part would you
take action on to start the breech downward?

*a. wovreechblock operating handle
b. Chain hoist crank
c¢. Firing pin well

14. Once the breechblack starts downward, how far down would you lower
the breechblock?

a. Partially
*b. Midway
c. Completely

15. Which action would you then take to remove the pivot pin?

a. Push up
*b. Push right
c. Pull down

8l
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16. Once the chainhoist is removed from the eyebolt screw, which action
would you take next?

a. Unhook chain hoist
b. Lower breech operating handle
*¢. Remove extractor

17. To disassemble the breechblock machanism which part of the firing
contact group would you take action on to unlock it?

a. Center circle of firing contact
b. Recessed edge of firing contact
*c. Plunger

18. Which two actions would you take?

*a. Rotate counterclockwise :f.
*b. Depress plunger: %““
c. Rotate clockwise o R

19. To disassemble the retractor driver group, which part would you take
action on?

a. Retractor driver clamp ~
*b. Screw
c. Retractor driver

20. T; assemble the breechblock mechanism which picture shows the order
in which you would assemble the retractor driver group?

*a. Screw, clamp, driver, shaft, spring
b. Screw; clamp, spring, shaft, driver
c. Screw, shaft, clamp, spring, driver

21. After installing the spring, which action would you take to install
the retraction driver shaft?

PRI TERPR S TR e e

a. Large end of shaft down
*b. Large end of shaft up
c.

22. Which action would you take to install the retractor driver?
a., Align holes with L-shaped sides facing down

*b. Align holes with L-shaped sides facing up 1
c. Place L-shaped sides up
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23. Which action would you take to install the retractor driver clamp?

a. Aligin so hole in clamp 1s closer to bottom of breechblock
b. Align so hole in clamp is closer to right side of breechblock
*¢. Align so hole in clamp is closer to top of breechblock

24. Which picture shows the order in which you would assemble the firing
contact group?

a. Spring, plunger, retainer, washer, shaft, sleeve
*b. Retainer, washer, shaft, sloeve, plunger, spring
¢. Retainer, sleeve, shaft, washer, plunger, spring

25. Which action would you take to install the firing contact sleeve?

a. Insert with small tip-end up
*b. Insert with small tip-end down
c.

26. Which action would you take to install the firing contact?

a. Insert with small tip-end up
*b. Insert with small tip-end down
c.

27. After installing the washer and spring, which action would you take
to install the plunger?

*a. Iasert with small tip-end up
b. Insert with small tip-end down
c.

28. To install the breechblock into the breech rings, which extractor
would you install in the right side of the breech?

a. Extractor with plunger at 11 o'clock
*b. Extractor with plunger at 1 o'clock |,
c.

29. Which action would you take?
i a. Insert with plunger facing breech ring

*b. Insert with plunger facing opposite breech ring
c. Insert with plunger facing down toward breechblock cavity
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30. After hooking up the chain hoist, how far up would you raise the
breechblock?

a. Just off turret floor
*d. Up to tip of extractors
¢. Up to top of breech ring

31. With the breechblock in this position, which part would you take
action on next?

*a. Plunger
b. Tip of extractor
¢. Eyebolt screw

32. Which two actions would you take to trip the right extractor plunger?

a. Depress the operating handle plunger

*b. Push forwardon chain hoist crank

*c. Depress plunger with screw driver
33. After both plungers have been depressed, how far up would you raise
the breechblock?

*a. Two clicks
b. Five clicks
¢. Seven clicks

34. Which two actions would you take to guide the breechblock pivot pin
into the T-slot?

*a. Push forward on chain hoist crank
*b. Check position of pivot pin in arm
c. Slide pivot pin to left of arm

*35. Which two actions would you take to trip the right extractor?
a. Push rearward on extractor with screwdriver

*b. Push rearward’on chain hoist crank

*c. Push forward on extractor with finger

36. With the breechblock now fully raised, which part would you take
action on next?

a. Adjuster

b. Chain hoist
*c. Breechblock crankstop
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37. After positioning the crankstop, which part would you now take action

on?
*a. Adjuster
b. Chain hoist
- ¢. Broechblock crankstop

38. Which action would you take to apply spring tension to the adjuster?

*a. Pull rearward
b. Push upward
¢. Push forward

39. In which recess would you place the adjuster?

*a. Plunger is not visible
b. Half of plunger is visible
c. Plunger is fully visible

40. After removing the chainhoist and eyebolt screw, which part would
you take action on next? i

a. Breech operating handle
*b. Firing pin well
¢c. Eyebolt screw

41. Which action would you take to instail the retractor guide assembly?

a. Insert with flat-end of guide forward and retractor down
*b. Insert with open-end of guide forward and retractor up
c. Insert with falt-ond of guide forward and retractor up

" 42. Which action would you take to install the firing pin?

a. Insert with flat-end forward
*b. Insert with pointed-end forward
c.

43. With the breechblock fully instelled, which part would you take
action on next?

a. Safety rear
*b. Breech operating handle
¢. Gunner's stab controls

44. If the breech closes, too slowly, during the function check, which
part would you take action on?

e R T e i

a. Safety lever
*b. Adjuster
c. Breechblock crankstop
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PERFORMANCE CHECKLIST (SHORT FORM) FOR EVALUATING HANDS-ON
TEST PERFORMANCE ON THE 105MM MAIN GUN (M68) BREECHBLOCK
MECHANISM*

TEST: REMUVING AND DISASSIMBLING BREECHBLOCK $
NAME COoDE TOTAL TINE

“®>w
00

‘n.\sx STLPS/ELUMENTS ODSERVATIONS

unenNnor

=
-4
=

BB OEE

CMECK SAFETY N
Lift Up on Safety Release Lever

&
@ —_rrCcumm
L3

A
c
T
1
0
N
®

O]
-3
-

CUECK BREECHBLOCK CRANKSTOP
See /Feel Position of Crankstep

@.
-

-

>
@"
%

CHMECK CIAMBER FOR AMMO
Depress Breech Operating liandle Plunger
Pull Back on tandle and Rotste Completely Down
Lift Up on lisndle and Rotato Completely Perward
See /Feel Chamber for Ammo
Obtain Breechblock Closing Tool (RIW/EXTRACTOR)
Push Extractor(s) Forward with Teol
Replace Tool ia Securs Positien

«svses@)

R
>@>>°°°

Lol B I I

B

REMOVE FIRING PIN ASSEMBLY , 6
Slide Retainer Lug Plunger to the Right
Push in on Retainer and Rotate Counterclockwise
Lift Off Retainer and Separste frem Spring
Place Parts in Secure Pesitien ¢n Nrret Fleer
Obtain Screwdriver
Insert Screwdriver ia Coenter of Retracter Guide
Pry Retrsctor Guide Assesbly Porward
Lift Out Firing Pin
Lift Out Retractor Guide Assembly
Place Parts in Secure Position en Turret Floer
Replace Screwdriver in Securs Position

-l"-.-l-l-l@-l-l-l-l
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)»»%»»»»%
» W W EE NN EPE PN

++@D@~ =+ 0

@ INSTALL EYESOLT SCREW ] ‘
Unscrew Eysbolt from Stowed Positien Near Gun
Screw Eysbolt into Center of Breechbleck Until Tight P T
Backoff Bysbolt to Align with Breech P T

O]
r®-

Yoo
©- -

6 I INSTALL THE CHAIN HOIST

Obtain Chein Holst » @ L A R
Connect Chain Nelst leok to Heek ea Turret Reef P T @ A R
Connect Chain Hoist Heek te EBysbelt Scrow P T L A N
Pull Beck on Chain to Keep it Tight P T & 8,:
Crank Chain Hotst Until Chain is Tightened P T, & ®

' Performance elements corresponding to the short form AVS breechblock
test are numbered. . 86
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A TASK_STLPS/ELEMUNTS P T L A R OBSLRVATIONS

RELLASE ADJUSTER TENSION

Obtain Spanner Wrench (and Screwiriver) q P

Place Spanner Wrench in llsles on Adjustes @
il
F
P
P
r

TU BC DONE BY ASSISTANT
Pull Back on Spanner Wrench and liold

Insert Screwdriver on Adjuster Plunger and Depress
Lot out on Spanner Wrench as Adjuster Rotates OCW
Remove Spanner Wrench (and Screwdriver)

'leplaco Tools in Secure Position

RELEASE BREECHBLOCK CRANKSTOP

TO BE DONE BY ASSISTANT

Obtain Allen Wrench .l @ L A R
Insert Allen Wrench into Crankstop liole @ T L A a R
Push Up and Siide Crankstop Completely Forward R BN O)JO)
Remove Allen Wrench and Securs in Safe Position P T L A R

E LOOSEN TUE CIAIN

Pull Out on Directionsl Knob and Rotate CW @ T
Pull Out on Chain to Keep it Tight 1 4
Crank Chain Hoist until Chain {s Slack P

-,
- - o~

C-©
o

START BREECHBLOCK DOWNWARD MOVEMGNT

Depress Ureech Operating llandle Plunger . “® T L o R
Pull Handle Back Until Breechblock Drops P 1T t (A) nr
Rotate Handle Completely Forward P 1t L (A) wt ‘
Crank Chain Hoist Until Pivet Pin is Pree of T-Slot @ T L o @ |
@ REMOVE PIVOT PIN i ]
Reach Under Breech and Push/Pull Out Pin | 4 L (A R
L A R

Place Pivot Pin in Secure Position on Turret Floor 4 T

g

LOWER BREECH BLOCK

Crank Chain Hoist Until Breechblock Reaches Contrelle
Cover T

Pull Chain to Swing Breechblock Rearward while
Cranking Chain Hoist

Crank Chain lioist until Breechblock Rests on
Turret Ploor

@ RELEASE THE CHAINHOIST

-
-
[

b

-

[ o

® -
el B

Crank Chain loist Until ilook is Loose in Eyebolt P T L A R
Unhook Chain lioist from Eyebolt Screw RO '
(Place Chain to Left or Right of Main Gun) 4 T L A R
k|
REMOVE EXTRACTORS Ty i
Lift Out and Up on Left or Right Extractor @ T L R i
Lift Out and Up on Remaining Extracto. P T L 8 R 1
Place Extrnctors in Secure Position on Turret Fleor P T L A R

TINE COMPLETED
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N3R TASK SULPSZELIMENTS PT L A R ORSIRVATIONS

DISASSLMIMLIMG BRI ECHBLOCK

m REMWE FIRING CONTACT PLATE

Obtain Screwdraver e @ L“ A R

Inscrt Screwdriecr on Plunger and Depress @ T L R °
Rotate Plate Counterclochwise and Life OFf P T L 8 R

Replace Screwdriver in Secure losition (4 T L A [}

Place Plate in Safc Position on Turret Kloer P T L A L} " l

REMWE FIRING CONTACT PLUNGLR
Lift Out Plunger Fros Recess @ T
Place Plunger in Safe Position on Turret Fleer [ 4 R A

- r
-©

RUMOVE FIRING CONTACT WASHER
Lift Off Washer from Firin- Contact
Place Nasher in Safe Position on Turret Fleev

B
-
-®

REMOVLE FIRING CONTACT
Lift Out Contact from Recess
Place Contact in Safe Pusition on Turret Floer

~©
-®

REMOVE FIRING CONTACT SLEEVE
Insert Pinger into Sleeve and Lift Out
Place Sleeve in Safe Positien ea Turret Pleer

~©
@

-
-

REMOVE FIRING CONTACT SPRING

Ll

Obtain Allen Wrench P T L A 1
Insert Into Recess and Pull Out Spring @ T L @ r
Place Spring in Safe Position on Turret Fleer P T L A L}
Replace Tool in Secure Position P T L A R TINE COMPLETED L
REMOVE AETRACTOR DRIVER GROUP
@ RENOVE RETRACTOR DRIVER
Obtain Allen Wreach “, P @ k A [ ]
Insert into Screw aud Rotate CCW uatil Loose @ T L R 1
Lift Off Scrow-Siasher-Clamp and Oriver PY L 8 [ ‘ !
Plcce Parts in Safe Positior em Turret Floor r T L A R

E REMOVE RETRACTOR DRIVER SIAPT
Lift Out Shaft from Aecess
Place Shaft im Safe Pesition on Turret Pleer

-®
-®

Eﬂ REMOVE RETRACTOR DRIVER SPRING
Insert Alien Wrench inte Recess and Pull Out Spring @
’
’

-4
P

Blace Spring in Safe Pesition en Turret Ploer
Replece Allen Wremch in Secure Pesitien

-4
-
> »®
»

TINE COMPLETED
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TUST:  ASSEMBLING AND INSTALLING TIE BRi OCHOLICK

wa cont TOTAL TINE_
L N S S
A 0 0 ¢ @
sty TASK STEPS/LLURATY T 0 ¢ T 8 OASLRVATINAY
L S R T —r
LR

IRs1aLL AL TAACTUR BRIVER CRWP

|

INSTALL BLIRACTOR MRIVER 8PRiNG ”
Pich Up Spring frem Parts en Turret Fleor
1neert Spring (nte Recess

-G

INSTALL QETRACTOR MRIVER SMAFT o)
Pich Up Saalt frem Parts o Yurret Pleer
(nsert Stem of Shaft inte Spring in Recwss

-©®
£

W N B ot
&

ASSCWSLE LOCAWASIER AND SCREW U
Pich Up Lochuasher and Allea Screw @ T Y A ]
Insert Lochuasher ente Allen Screw b4

INSTALL RETRACTOR ORiIveA w
Pich wp Priver frem Parts eu Turret Plesr ® v
Piace Base of Driver on Shaft snd Lover In Position ¢ T L @ a

ZRN

INSTALL RETRACTOR BalviR CLAGP .o
Pick up Clamp (vem Parts on Turvet Floer ® T L
Place Clasp onte Oriver with Muazle Ond Towerds
Face of dreech [ 4

E

INSTALL LOCKWASIER AND SCRINW
Align Nole in Breechbloch with Nele ‘a Driver and
Clang
Insert Screv ond lend Tighten
Obtain Aljen Sreach
Insert Inte Scrow and Tighten Securely
Aeplace Teol in Secure Pesition

v vV e w
-c-o@-q-o
" » » » »

e coeuted__

1NST
@ INSTALL FIRING CONTACT SPRING FY S i
3 Pich Up Spring frem Parts oa Turret Plooe ® . l
Insert Spring inte Recess | 4 T @ A a (
INSTALL PIRING CONTACT SLELVE FY s
Pick Up Sloeve free Parts oa Turret Plest @ v 1 {
insert inte Recess vith Opea-Ind Vp [ 4 T | ] 1
]
INSTALL PIAING CUNTACT M
Pick up Contact frem Paris en Turret Fleer P A 4 I.“ AR
Ingert inte Sleeve with Lavger Tin-Ind Up L4 T L L}

Pick Up Washer frea Parts ea Turret Fleer T L A R
insert Over Tep of Firing Contact

©

INSTALL FIRING CONTACT PLUNGER ﬁ
Piek Up Pluager frem Parts on Turret Floor T l." A | 3
Insert fate Spring with Tip-Und Up

RN e i R

©

INSTALL PIRING CONTACT PLATE a¢
Pick Up Plate fr3e Turret Pleer ®
AlLigh Arrow on Plate with Arrew oa Briechblech ’
Push Plate Dewn onte Couponsnts and Sotste Puliy Cv ¢ T

2
3
I a4
Cs)
)

CO)
®- -

ThE CONPLETES

89




s

TASK STEPS/LLEMENTS

183 1ALL_BRLECHBLOCK

Gl

L2l

INSTALL EXTRACTORS
Pick Up Extractors fros Parts en Turret Fleor

I-

®

Insert Left or Right Extracter eate Pivets im “®

Brecch Ring

insert Remaining Extractor omte Pivet in Breech Ring P

INSTALL THE CHAIN WOIST

Connect Chain lioist llook to Eyebolt Screw im
Rrcechblock

Pull Out on Chain lloist Direction Xnob and
Rotate Cuw

Pull Back on Loose Chain to Keep It Tight
Crank Chain lioist Until Chain is Tight

RAISE THE BREECHBLUCK INTO BREECH RING
Crank Chain Hoist While Keeping Chain Straight
Guide Breechtlock over Coatrolier Cover
Guide Breechbluck into Breech Ring

Stop Cranking Chain lloist when Breechbleck Coatacts
Plungers

DEPRESS THE PLUNGERS
Obtain a Screwdriver

Depress Left or Right Plunger while Cranking 8
Chain Hoist

Depress Remaining Plunger while Cranking Chain lloist
Replace the Screwdriver in Safe Position

RAISE THE BREECHBLOCK
Crank Chain lioist Two Clicks and Stop

INSTALL PIVOT PIN
Pick Up Pivot Pin from Parts on Turret Floor
Insert Pin Midway into Dreechblock Crank

RAISE BREECHILOCK CRANK PIVOT INTO T-SLOT

Crank Chain Heist while Guiding Pivet iato Breech-
block T-Slot

Stop Cranking Chain leist when Breechblock Ceatacts
Tip of Extractors

[ 4
4
r

®

G

=t

- -

-

L oA OBSFRVAT i
L A 1
a
l -
L R
L A [
L A |
L (a |
L R
]
L A R
L A R
L A R
30

L A &
L R
L R
L A R
&

P Ry



LR TASh_STEPS/1LEM WIS T L A & OASERVATIONS
THIP EXTRACTORS
Obtain a Screwdriver [ 4 T [% A R
Fush Forvard on Left or Right Eatracter while $
Cranhang Chain loist ® . r
Yush Farward on Acmaining Estractor while Craaking
Chatn Hoist [ 4 T L @
Replace Screwdriver in Safe Position 4 T L A

E RAISE BALECHBLOCK TO CLOSED PUSITION

Crenk Chain llogst until Breechbleck Align with Top @ T L @ @

Edges of Breech

@ CLOSE BAEECH BLOCK CRANKSTOP %
Reach Under snd Sitde Crankstop Coaplecely Resrward @ T L A

[m APPLY TENSION TO ADJUSTER
Pick Up Spanner Wrench r @ A
Inscrt Wrench into Slots em Adjuster "t,“@ T L A R
full Back on Adjuster umntil Plunger enters Pirst n ”
Recess rr L W®
Renove Wrench and Plsce is Secure Pesition [ 4 1 4 L A R

IIZ‘ LOOSEN THE CIAIN
Pull Out os Directionsl Kned snd Retate CW ® . ® -« ¥
Pull Out on Chain te Keep It Tight P T L A L}
Crank Chain loist until Chain 1s Slack PT L A @

13 ALMOVE CIAIN HOIST
Disconnect Chain lloist lissk from Eyebelt Screw

- -
"l'.
40.0,

Disconnoct Chain loist Heok frem Hoek ea Turret Roef . P R

Replace Chain lioist in Secure Position r T L R
|14! AEMOVE EYEBOLT SCREW

Unscrev Eyebolt from Breechblock @ T L @ R

Scrow Eyebolt into Stow Pesition Until Tight [ 4 T L A R

@ INSTALL PIRING PIN ASSCMBLY
Pick Up Retractor Guide Assembly from Parts on 40
Tureet Floor I.« A
Insert Guide with Slot Up uatil Flush with Firig P T L (A) A
Pin Well
Pick Up Firing Pin, Spring and Retainer from Turret
Floor
Insert Firing Pia into Firing Pin Well

o g 5 BLADI " 2 T

-
F Y
»

>
»
e i

OON

Twist Spring into Grooves on Backside of Retsiner A
Insert into Firing Pin Well and align Retainer with 'l
Slots T e @ A
Slide Plunger to Right and Push Retsiner into firving "
Pin ¥eoll L L] ] i
Twist Retsiner CW Until It Locks in Position BN OR !
@ CIIECK BRELCHBLOCK INSTALLATION @ ?
Pepress Brecch Operating Handle Plunger @ T L [} ;
Pall dack uy dandic ad Rotate Completely Down ] T L .@ ]
Laft Up un dandle and Rotato Completely Porwerd [ . ¢ L n k.
Obtain Brecehblock Clesing Tool (RAW/EXTRACTOR) ’ @ L " 3
Push Fatrector(s) Forward with Tool 4 T L @ [ 1
P ¥ L A B TIME COMPLETED

Replace Tool in Secure Pesition

91

(59}




i raath e

UNIT
FOR ADMINISTRATIVE USE

MAIN GUN BREECHBLOCK TEST
Answer Sheet

Practice Questions (Circle answer)
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Table G-1

Relationship Between HO Test Performance and Prior AVS Test
(Short Form) Performance for the 105mm Main Gun (M68)
Breechblock Tasks

HO Test Performarce Combined HO Test Performance

Task Fail Pass Fail Pass
kemoval
AVS Pass 0 3
Borderline 2 0
AVS Pail 4 1
Disassenbly
AVS Pass 1 0 4 0 2
Borderline 0 4 0 1
AVS Fail 1 1 6 1
Assembly
AVS Pass 1 1 2
Borderline 0 1
AVS Fail 4 2
Installation
AVS Pass 1 0 8 1 2
Borderline 1 1 0 1
AVS Fail 0 0 4 2
1

One AVS test error in Borderline groups for both individual and
combined tests.
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APPENDIX H. AVS TEST (SHORT FORM) ON CLEARING, DISASSEMBLY, ASSEMBLY,
FUNCTION CHECK, AND STOPPAGE ON THE COAXIAL MACHINE GUN
(M73/219)

M73 (Model 219) Machinegun Test
Test Directions

In the M73 (Model 219) Machine gun test you are about to take, you
will be shown a slide and then asked a question. The number of the
question will always be presented prior to each question. The questions
you will be asked will be of three types:

Wnat part would you take action on?

What action would you take?, or

What picture shows the result of that action?
Possible answers to the questions are the lett;rs A, B, or C shown on
the slides. After selecting your answer you are to do two things. First,
find the number on the answer sheet that correspoads t¢ the number of
the question being asked. Second, circle the letter on the answer sheet
that corresponds to ycur answer. To demonstrate how the Machine gun
test is set up, we have put together a series of practice questions on the

Main Gun Breechblock.

For example, Practice Question Number 1. Which part would you check out

first prior to removing the breechblock? "A" shows.the safety, "B" shows
the adjuster and "C" shows :he crankstop. Choose A, B, or C, find the
number 1 under "Practice Questions' on the answer sheet, and then circle
your answer. If you don't know, circle the letter D. Go ahead and record
your answer. (Pause)

For this question you should have circled the letter "Ab opposite

the number 1 under practice questions.
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Practice Question Number 2. Which action would you take to place
the safety in the SAFE position? A, B, and C show threc possible ways
to perform this action. Choose A, B, or C, find the number of the practice
quection on the answer sheet and then circle your answer. Again, if
you don't know the answer to the question, circle the letter D. Go ahead
and record your answer. (Pause) For this question the letter B was correct.
Now listen carefully and answer the remaining practice questions.
Practice Question Number 3. Which picture shows the safety in the
safe position? (Pause) If you circled the letter "B" the cover, your

answer was correct. 5

Practice Question Number 4. Which part would you check out next l
prior to removing the breechblock? (Pause) The correct answer here was
"AY,

Practice Question Number S. Which picture shows the crankstop in
the correct position? (Pause) The correct answer here was "A'".

In the machine gun test you are about tc take, some questions will
ask you to choose two parts or two actions. To record your answer you
should simply circle the two letters that correspond to your answers.

For example, Practice Question Number 6. What two actions would you .
take to trip the right extractor? To do this.you would push the extractor
forward (the letter 'C") and push forward on the chain hoist crank

(the letter "B") to trip it. Both the letter "B" and the letter 'C"
should be circled on the answer sheet. Go ahead and record these

answers. (Pause)
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APPLNDIX H. AVS TEST (SHORT FORM) ON CLEARING, DISASSEMBLY, ASSEMBLY,
: FUNCTION CHECK, AND STOPPAGE ON THE COAXIAL MACHINE GUN
(M73/219)

M75 (Model 219) Machinegun Test
Test Directions

In the M73 (Model 219) Machine gun test you are about to take, you
will be shown a slide and then asked a question. The number of the
question will always be presented prior to each question. The questions
you will be asked will be of three types:

What part would you take action on?

What action would you take?, or

What picture shows the result of that action?

Possible answers to the questions are the lott;rs A, B, or C shown on

the slides. After selecting your answer you are to do two things. First,
find the number on the answer sheet that corresponds to the number of

the question being asked. Second, circle the letter on the answer sheet
that corresponds to your answer. To demonstrate how the Machine gun

test is set up, we have put together a series of practice questions on the
Main Gun Breechblock.

For example, Practice Question Number 1. Which part would you check out
first prior to removing the breechblock? "A" shows_the safety, "B'" shows
the adjuster and "C'" shows the crankstop. Choose A, B, or C, find the
number 1 under "Practice Questions' on the answer sheet, and then circle
your answer. If you don't know, circle the letter D. Go ahead and record
your answer. (Pause)

For this question you should have circled the letter "A" opposite

the number 1 under practice questions.
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Practice Question Number 2. Which action would you take to place
the safety in the SAFE position? A, B, and C show threc possible ways
to perform this action. Choose A, B, or C, find the number of the practice
question on the answer sheet and then circle your answer. Again, if
you don't know the answer to the questien, circle the letter D. Go ahead
and record your answer. (Pausas) Faor this question the letter B was correct. oo
Now listen carefully and answer the remaining practice questions. |
Practice Question Number 3. Which picture shows the safety in the
safe position? (Pause) If you circled the letter "B'" the cnver, your
answer was correct.
' Practice Question Numoer 4. Which part would you check out next
prior to removing the breechblock? (Pause) The correct answer here was
"A",
Practice Question Number 5. Which picture shows the crankstop in
the correct position? (Fause) The correct answer here was "A".
In the machine gun test you are sbout to take, some questions wiil
ask you to choose two parts or two actions. To record your answer you
should simply circle the two letters that correspond to your answers.
For exemple, Practice Question Number 6. What two actions would you .
take to trip the right extracter? To do this‘you would push the extractor
forward (the letter "C'") and push forward on the chain hoist crank
(the letter "B") to trip it. Both the letter "B" and the letter "C"
should be circled on the answer sheet. Go shead and record these

answers. (Pause)




During the test you will have approximately 5 seccnds to record your
answer. If at any time during the test you don't know the answer to
a particular question or you do not have enough time to respond, circle
the letter "D'" and go on to the next question.

If you have any question now about Liw to take this test, please

raise your hand and the examiner will help you.
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PAPER AND PENCII. COPY OF THE AVS TEST (SHORT FORM)

M73 (MODEL 219) MACHINE GUN TEST QUESTiONS
CLEARING

The H219 machincgun is loaded with a 20 round belt of ammunition. As the
loader, your task is to clear the ‘weapon.

1. VWhich part would you take action on first to clear the weapon?
a. Disconnector ring
b. Charger handle
*-. Safety
2. Which action would you take on the safety?
*a. Slide lever to rigat
b. Slide lever to left
¢. Push lever up

3. Which picture shows the result -of that action?

*a. "F" shows
b. "S" shows

4. Which part would you take action on next?
a. Cover
b. Cover latch rod
*c. Charger handle

S. Which action would you take on the charger handle?

a. Pull sideways
b. Pull up
*c. Pull back

6. Which part would you take action on now?
a. Disconnoctor ring
b. Charger handle
*c. Safety
7. Which action would you take?
a. Slide lever to right

*b. Slide lever to left
¢. Push lever up

* Indicates correct answer.
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10.

11.

12.

13.

14.

15.

Which part would you take action on next?

a. Cover
*b. Cover latch rod
c. Charger handle

Which action would you take to raise the cover?

*a. DPush in on rod and lift up on cover
b. Pull back on disconnect ring and 1ift up on cover
c¢. Depress buffer support lever and 1ift up on cover

Which part would you take action on next?

a. Buffer support lever
*b. Ammo belt
¢. Charger handle

Which part would you take action on now?

a. Cover
*b. Feed tray
¢. Cover latch rod

Which action would you take to inspect the weapon?

a. Feel top of extractors
b. Feel inside of feed tray
*c. Feel inside of chamber

Which part would you take action on next?

a. Cover and feed tray
*b. Safety
¢. Charger handle

Which picture shows the result of that action?

*a. "F'" shows
b. "S' shows
c.

Which part would you take action on next?
a. Cover and feed tray

b. Charger handle
*c. Firing trigger

29
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10.

11.

12.

13.

14.

150

Which part would you take action on next?

a. Cover
*b. Cover latch rod
¢. Charger handle

Which action would you take to raise the cover?

*a. Push in on rod and lift up on cover A
b. Pull back on disconnect ring and lift up on cover
¢. Depress buffer support lever and lift up on cover

Which part would you take action on next?

a. Buffer support lever
*b. Ammo belt
¢. Charger handle

Which part would you take action on now?

a. Cover
*b. Feed tray
¢. Cover latch rod

Which action would you take to inspect the weapon?

3. Feel top of extractors
b. Feel inside of feed tray
*c. Feel inside of chamber

Which part would you take action on next?

a. Cover and feed tray
*b. Safety
¢. Charger handle

Which picture shows the result of that action?

*a. "F" shows
b. "S" shows
c.

Which part would you take action on next®
a. Cover and feed tray

b: Charger handle
*c. Firing trigger
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M73 (MODEL 219)MACHINE GUN TEST QUESTIONS
DISASSEMBLY

As the loader, you have just cleured the M219 machine gun. Your task
now is to disasscmble the weapon for cleaning and lubrication.

l'

4.

Which part would you remove first?

*a. Barrel and jacket assembly
b. Cover assembly
¢. Charger assembly

Which action would you take to remove the barrel and jacket assemdbly?

a. Depress buffer support lever
*b. Pull back on disconnector for ring and rotate barrel jacket CW

¢. Pull back on both disccnnector rings

After removing the barrel, which part would you remove next?

a. Charger assembly
*b. Cover assembly
c. Firing trigger

After removing the cover, which part would you remove next?

*a. Feed tray
b. Cover latch rod
c. Firing trigger

After removing the cover and feed tray, which part would you remove next?

a. Charger assembly
*b. Guide rod and spring assembly
¢. Backplate assembly

Which two actions would you take to remove the left guide rod and spring?

a. Rotate left
*b. Rotate right
*¢c, Push in

7. After removing both juido rods and springs, which part would you
remove next?

a, Charger assembly
b. Barrel extension assembly
*c. Backplate assembly

* Indicates correct answer.

101




8. After removing the backplate, which part would you take action on next?

a. Buffer support lever
b. Cover latch rod
*c. Charger handle

9. Which action would you take to charge the weapon?
*a. Brace weapon while pulling back on charger handle

b. Depress buffer support lever while pulling charger handle
c. Push forward on barrel extension while pulling back on charger handle

10. With the barrel extension locked to the rear, which part would you
take action on next?

*a. Buffer support lever
b. Right disconnector ring
c¢. Cover latch rod

11. Which action would you take to remove the barrel extension?

“a. Hold buffer support lever down and pull barrel extension to rear
b. Hold buffer support lever down and 1ift up on barrel extension
c. Hold buffer support lever down and push forward on barrel extension

12. Which two actions would you take to remove the breechblock?

a. Slide left

*b. Lift up
*c., Slide right

13. Which part would you remove next?

a. Front mounting screw
b. Charger handle screw
‘*c. Retaining clip

14. VWhich part would you remove next?
a. Front mounting stud

b. Left disconnector rign
*c. Rear mounting stud
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M73 (MODEL 219) MACHINE GUN TEST QUESTIUNS
ASSEMBLY

As the loader you have just cleanced and lubricated the M219 machine gun.
Your task now is to assemble the weapon?

1. Which part would you install first?

*a. Rear mounting stud
b. Cover
¢. Charger assemdly

2. After installing the rear amounting stud, which part would you install next?

a. Cover and feed tray assembly
*b. Charger assembly
c. Backplate assembly

3. After installing the charger assembly, which part would you install next?

Aa. Breechblock
b. Guide rods and springs
¢. Backplate assembly

4. Where in the receiver would you install the barrel extension?

a. Front
*b. Top rear
c. Bottom rear

S. Which action would yon take on the broochg}ock?

a. Push forward
*b. Slide to right
c. Slide to left

6. Which part would you take action on next to install the barrel
extension into the receiver?

*a. Buffer support lever
b. Cover latch rod
¢. Extractor

7. Which action would you take on the buffer support lever?

a. Pull up
*b. Push down
¢. Push forward

* Indicates correct answer,
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8. MWow far inte the receiver would you push the barrel extension?

a. Flartially
b. Ualf-way
*c. Completely

9. After installing the barrel extension, which part would you install next?

*a. Backplate assembly
b. Cover

¢. Guide rods and springs

10. After installing the backplate, which two actions would you take to
install the left guide rod and spring?

e

*a. Rotate left
U. Rotate right -
*¢. Push in . I

11. Which picture shows the guide rods and springs properly installed?
*a. "V" is formed |
b. "</ is formed
c. "\-" is formed

12. Which part would you install next?

a. Cover
*b. Feedtray
c. Barrel

13. After installing the feed tray, whi¢ch part would you install next?

*a. Cover
b. Berrel
c. Barrel jacket

14. If the cover fails to lock closed, whicli part would you take action
on next?

a. Left disconnector ring
*b. Cover latch rod
¢. Charger handle

i
|
4,

1S. ‘Which ppart would you install next?
a. Receiver greup

b. Barrel jacket
*¢c. darrel
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16. Which action would you take to install the barrel jacket assembly onto
the receiver?

b!
c.

Pull back on left disconnector ring and rotate barrel jacket
assesbly down

Depress huffer support lever and rotate barrel jacket assembly down
Push in on the cover latch rod and rotate barrel jacket asseubly
down
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M73 (MODEL 219) MACHINE GUN TEST QUESTIONS
FUNCTION CHECK

After assembling the M219 machine gun, your next task as the lcader is to
conduct a function check.

1. Which part would you take action on first to conduct a function check? g

a. Cover latch rod
*b. Safety
¢. Charger asscmbly

2. Which action would you take?

*a. Slide lever to right
b. Push lever up
c¢. Slide lever to ieft

3. Which picture shows the result of that action?

*a. "F" shows
b. 3" shows

4. With the safety ir. 'IRE, which part would you take action on next?

a. Buffer support lever
b. Cover
*¢. Charger handle

S. After hand charging the weapon, which part would you take action on next?

a. Cover latch rod
*b. 3Jafety
¢. Charger assembly

6. Which picture shows where you would place the safety?

a. "F" shows
*b. "S" shows

7. With the safety in SAFE, which part would you take actlion on next?

a. Buffer support lever
*b. Trigger
c¢. Charger handle

8. If the weapon does not fire, which part would you take action on next?
: r i,

a. Cover latch rod
*b. Safety
¢. Charger handle

1NL
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9. With the safety in PIRE, which action would you take next?

a. Press trigger
*b. Press trigger while holding charger handle rearward

¢. Press trigger while pulling up on charger handle
10. Which part would you take action on next?
L a. Cover latch rod
*b. Safety
¢. Charger handle

11. Which picture shows the safety in the SAFE position?

a. "P" shows
*b, "S" shows
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M73 (MODEL 219) MACHINE GUN TEST QUESTIONS
STOPPAGE

* The M219 machine gun has fired more than 200 rounds within the past two
minutes. The gunner announces "STOPPAGE'. As the loader your task is
to correct the stoppage.

1. Which action wculd you take first when applying immediate action to
correct a stoppage?

a. Slide safety to right
b. Pull out the ammo belt
*c. Wait for a hangfire

2. How long would you wait?
a. Wait 1 second
b. Wait 3 seconds
*c. Wait S5 seconds
3. Which action would you take next?
a. Pull out the ammo belt
b. Slide safety to the left
*c. Pull the charger handle fully rearward

4. After you announce "UP'", the gunner attempts to fire and again
announces ''STOPPAGE". Which action would you take first?

a. Slide safety to right
b. Pull out the ammo belt
*c. Wait for a hangfire
S. How long would you wait for a hangfire?
A a. Wait 1 second
b. Wait 3 seconds
*c. Wait S seconds
6. Which action would you take next?
a. Pull ont the ammo belt
, b. Slide safety to the left
*c. 'Pull the charger handle fully rearward
N
7. After hand-charging the weapon, which part would you take action on next?

a. Left disconnector ring
b. Charger handle
*c, Safety

* Indicates correc’ answer. 108
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8. Which picture shows the result of that action?

a. "F'" shows
*b. "S'" shows

9. With the weapon charged and safed, which part would you take action
on next?

a. Left disconnector ring
*b. Cover latch rod
¢. Charger handle

10. After opening the cover, which part would you take action on next?

a. Burrer support lever
*b. Ammo belt
¢. Charger handle

11. After removing the ammo belt and spent cartridges or links, which
part would you take action on next?

a. Cover and feed tray
b. Charger handle
*c. Safety

12. Which action would you take to place the weapon in FIRE?

a. Push up
b. Slide to left
*c. Slide to right

13. Which part would you take action on next?

a. Cover
b. Trigger
*c. Charger handle

14. Which action would you take?

a. Press trigger while holding chain rearward
*b. Press trigger while slowly releasing charger handle
c. Press trigger

15. After pulling the charger handle to the rear, which part would you
take action on next?

a. Cover and feed tray

*b. Safety
¢. Charger handle
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17.

18.

19.

20'

S = 5 - o

Which picture shows the result of that action?

a. "F" shows
*b. ''S" shows

With the weapon safed, which action would you take next?
*a. Reload the weapon

b. Close the cover and feodtray
c¢. Depress the buffer support lever

After roloading the weapon, which part would you take action
*a. Cover

b. Charger handle

¢. Trigger

Which part would you take action on next?

a. Cover latch rod

*b. Safety

¢. Charger handle

Which picture shows the end result of that action?

*a. "F" shows
b. "S" shows
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NM219 MACHINE GUN TEST

Answer Sheet

UNIT

NAME

FOR ADMINISTRATIVE USE

Practice Questions (Circle answer)

HO Score

ST Score

¥C

AS

or

CL

PF

FC

DI

CL

PF

ER

ER

S.
6‘

TEST QUESTIONS
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PERFORMANCE CHECKLIST
TASK: CLEARING TLE M219 MACHINE GUAN

1 PLACE MG SAFETY IN FIRE POSITION

Slide trigaer safety to left unt.l "F" shows on backplate @

2 HANDCHARGE THE MG

Grasp charger handle and pull fully rearward until bolt
locks @

3 PLACE MG SAFETY IN SAFE

Slide trigger safety to left until "S" shows on backplate @

4 RAISE THE COVER ASSEMBLY

Push in on cover latch rod and hold momentarily @
Lift up on cover and rotate CW until fully opened P

S REMOVE AMMO BELT

Grasp ammo belt near receiver @
Pull out and up or ammo belt until removed P

) RAISE FEED TRAY GROUP

Lift up on feed tray and rotate fully CW P
*if locked, push the cover latch rod fully forward
*Lift up on feed tray and rotate fully CW P

E' INSPECT MG FOR AMMO

~

Insert finger into chamber (cold gun) and check for amrn
Look into chamber for ammo p

8) PLACE THE MG SAFETY IN FIRE POSITION

Slide trigger safety to left until "S" shows oa backplate @

9| “FIRE" THE MG

Pull the charger handle until chain is tightened P
Push manual firing trigger forward

Release charger handla slowly until bolt is fully forward P
* Indicates possible alternative actions required.
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10| CLOSE FEED TRAY GROUP AND COVER ASSEMBLY

Rotate cover and feed tray down until lockcd in position
*If unlocked, push cover latch rod completely forward
epush down on cover until it lockes in position

[T1]  PLACE MG SAFETY IN SAFE

[

Slide trigger safety to left until "S" shows on hackplate
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TASK: DISASSEMBLY OF M219 MACHINE GUN

) REMOVE BARREL JACKET ASSLMBLY FROM RECLIVER

Pull left disconnector ring fully rearward

Rotate barrel jacket assembly CW until removed from
receiver

*Pull left and right disconnector rings fully rearward
*Pull receiver assembly away from barrel jacket assembly

2 REMOVE BARRE!. FROM BARREL JACKET ASSEMBLY

Slide barrel rearward until removed from jacket assembly

3 REMOVE CUVER ASSIMBLY

Push in on left cover latch rod and hold

Lift up on cover and hold

Push in on opposite cover latch rod

Lift off cover and place in safe position
*Push in on left and right cover latch rods and hold
*Tilt receiver on end and '"drop" cover assembly

4 REMOVE FEED TRAY GROUP

Lift straight up on feed tray and place in safe position
*If locked, push cover latch rod complet2ly forward
*Lift straight up on feed tray and place in safe position
*If still locked, push opposite cover latch rod forward
*Lift off feed tray and place in safe position

S REMOVE LEFT GUIDE ROD AND SFRING ASSEMBLY

Insert tip of screwdriver into slot on left guide rod
Push in on guide rod to compress spring
Rotate guide rod CN/CCW until unlocked

Slowly let out the guide rod and spring until tension
is released

Separate spring from guide rod

* Indicates possible alternative acticns’ required.
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10

11

REMOVE RIGHT GUIDE ROD AND SPRING ASSCMBLY

Insert tip of screwdriver into slot on right guide rod
Push in on guide rod to compress the spring
Rotate guide rod CW/CCW until unlocked

Slowly let out the guide'rod and spring until tension
is released

Scparate spring from guide rod

REMOVE BACKPLATE ASSEMBLY

Grasp tip of manual firing trigger on backplate
Pull up on trigger until backplate is removed from

receiver
REMOVE BARREL EXTENSION ASSEMBLY

Brace the MG near front of receiver group
Grasp charger handle and pull bolt completely rearward
Depress the buffer support lever and hold
Slide the barrel extension rearward until removed from

receiver

REMOVE BREECHBLOCK FROM BARREL EXTENSION
Slide breechblock left to center position and lift up and
out

REMOVE CHARGER ASSEMBLY

Insert screwdriver under '"C" ring
Pry off "'C" ring from rear mounting stud
Pull assembly away from studs and 1ift off

REMOVE CHARGER MOUNTING STUD

Slide stud fully forward and 1ift out
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TASK: ASSUMBLY OF M219 MACHINE :.UN

INSTALL CilARGER MOUNTING STUD

Mace circle ond of stud onto rail in slot below cover (::)
latch rod
p

Siide mounting stud fully rcarward

INSTALL CHARGER ASSEMBLY

Hook half-moor cut of assembly onto buffer pivot pin <:>
Insert hole at opposite end of assembly onto charger
mounting stud p

Insert open end of '"C" clip between charger mounting stud P
and assembly

Slid: retaining clip up onto stud until locked P

INSTALL BREECHBLOTK INTO BARREL EXTENSION

Align loft'top edge of breechblock with center of barrel
extension camways

Lower into camways and slide fully to right edge of
extensiosn

- @

INSTALL BARREL EXTENSION ASSEMBLY INTO RECEIVER

Align the front of assembly with top-rear edge of receiver P

Place grooved edges of assembly onto rails at receiver and
and slide slightly forward

P
Slide breechblock completely to the right of extension P
Depress buffer support lever and hold (::)
Push fully forward on assembly until it locks in receiver P

INSTALL BACKPLATE ASSEMBLY

Align bottom :edge of backplate with top rear of receiver (::)

Place grooved edge of backplate with top rear of receiver P
and slide fully down

1
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0] [INSTALL LEFT GUIDE ROD AND SPRING ASSEMBLY

e B R ol
*

Insert guide rod spring through hole on left side of
backplate

Insert guide rod through spring in backplate

*Insert guide rod into spring and slide into hole on left
side of backplate

Insert tip of screwdriver into slot on guide rod

Push yuide rod completely forward and rotate CW/CCW
until locked in pesition (left side of '"V' {s formed)

7] INSTALL RIGHT GUIDE ROD AND SPRING ASSEMBLY

Insert guide rod spring through hole on right side of
backplate

Insert guide rod through spring in backplate

*Insert guide rod into ¢pring 2nd slide into hole on right
side of backplate

Insert tip of screwdriver into slot on guide rod

Push guide rod completely forward and rotate CW/CCW
until locked in position (right side of "V'" is formed)

8| INSTALL FEED TRAY GROUP

Aligh left side of feed tray with center brackets at top
edge of receiver

Insert feedtray "hinges' onto cover latch rod uutil seated

*If not seated, push in on cover latch rod until it locks
forward

*Insert feed tray "hinges" onto cover latch rod until seated P T.

9| INSTALL COVER ASSEMBLY

Align left side of cover with outer brackets at top edges
of receiver

Insert "hinges" on cover onto cover laich rods and depress
until locked

*1f not locked, push in on cover latch rod until it locks
forward

* Indicates possible alterantive actions required.
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10

INSTALL BARREL INTO BARREL JACKET ASSEMDLY
Inscrt front of barrel into rear of jackst assembly and
slide forward

Rotate barrel until "locator" is aligned with barrel
jacket

Slide barrel (and locator) fully forward into jacket
assembly

INSTALL BARREL JACKET ASSEMBLY ONTO RECEIVER
Insert right connector of barrel jacket onto right
mounting stud
Pull back on left disconnector ring and hold
Rotate barrel jacket assembly completely CCW
Release disconnector ring to lock barrel jacket assembly

*Align counector holes on barrel jacket assembly with
mounting studs

*Snap barrel jacket assembly onto receiver until it locks
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TASK: CONDUCT A FUNCTION CHECK
PLACE THE MG SAFETY IN FIRE POSITION
Slide trigger safety to left until "F" shows on backplate
HANDCHARGE THE MG

Grasp charger handle and pull fully rearward until bolt
locks

PLACE MG SAFETY IN SAFE POSITION

Slide trigger safety to left until "S" shows on backplate
“FIRE" THE MG

Push manual firing trigger forward
PLACE THE NG SAFETY IN FIRE POSITION

Slide trigger safety to left until "P" shows on backplate
“FIRE" THE MG .

Pull the charger handle until chain is tightened

Push manual firing trigger forward
Kelease charger handle siowly until bolt is fully forward

PLACE MG SAFETY IN SAFBE

Slide trigger safety to left until "S" shows on backplate
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TASK: APPLYING IMMEDIATE ACTION ON A M219 MACHINE GUN STGPPAGE

WAIT FOR HANGFIRE

Wait 5 seconds for weapon stoppage to clear P T L @@
HANDCHARGE THE NG

Grasp charger handle and pull fully rearward until bolt
locks P T L @ R

IESSUE FIRE COMMAND ELEMENT

Announce ''up" P T L A R

4| NAIT FUR HANGFIRE/COOKOFF

_ Wait 5 seconds for weapon stoppage to clear P T @@
5] HANDCHARGE THE MG

=

Grasp charger handle and pull fully rearward until bolt
locks P T L (A)R

E PLACE MG SAFETY IN SAFE POSITION
Slide trigger safety to left until "S" shows on backplate @ T & A @

7 RAISE THE COVER ASSEMBLY

Push in on cover latch rod and hold momentarily @ T A
Lift up on cover and rotate CW until fully open P T L A
Il REMOVE AMMO BELT
o  {
Grasp ammo belt near receiver P T L A
Pull out and up on belt until removed ‘ P T L A R VY
g RAISE THE FEED TRAY GROUP .
Lift up on feed tray and rotate fully CW until open P T L A
*1f locked, push the cover latch rod fully forward P T
*Lift up on feed tray and rotate fully CW until open P T L A R i

=J

CLEAR MG OF AMMO/OBSTRUCTION

Remcve live or spent cartridges/links from MG P T L

Indicates possible alternative actions required
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PLACE MG SAFETY IN FIRE POSITION

s Slide trigger safety to right uatil "F" shows on backphto@ T L

12 HAND FUNCTION THE MG

- -
e - -

A CCONNO
=

Hold charger handle fully rearward @

- Depress the manual firing trigger P R
Release charger handle slowly until bolt is fully forward P T i

ot Grasp charger handle and pull back until bolt locks to ’
the rear rF T L R

13] PLACE MG SAFETY IN SAFE POSITION
Slide trigger safety to left until "S" shows on backplate @ T L A ®

Ny Cp
il
o 3

s

it

‘E LOWER THE FEED TRAY GROUP

Rotate feed tray down until it locks in position P T L A R
*If unlocked, push the cover latch rod fully forward P T A
*Push down on feed tray until it locks in position P T L A R

J lSl LOAD THE MG

Plico ammo belt in feed tray P
-~ Slide ammo belt to feed slot P

Hold ammo in nlace P

Rotate the cover down until it locks in position @

e I I T |
ol I
® ™ ™

T TG A Tl e

@ PLACE THE MG SAFETY IN FIRE POSITION
Slide trigger safety to right until "F" shows on backplato@ T L A @

R I A e

E ISSUE FIRE COMMAND ELEMENT

Announce "UP" and observe MG firing P T L A R
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Table H-1

Relationship Between NO Test Performance and Prior AVS
Test Performance on Coaxial Machine Gun (N73/219) Tasks

HO Test Performante Combined HO Test Performance

Task Fail Pass Fail Pass :
Clearaing
AVS Pass 1 0 3 ’
Borderline 0 2
AVS Fail S 7
Disassembly .
AVS Pass 1 1 9 0 2
Borderline 1 2 0 4
AVS Fail 2 2 7 v
Assembly
AYS Pass 1 0 14
Borderline 1 2
AVS Fail 0 0
Function Check
AVS Pass 1 0 13 0 13
Borderline 0 0 0 2
AVS Fail 1 3 1 b )
Stoppage
AVS Pass 1 0 7 !
Borderline 1 4 |
AVS Fail 2 3
1 One AVS test error in Borderline group fer individual HO tests, ;
or one-two errors for combined tests. i
3

122




